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HANFORD ENGINEER WORKS TECHNICAL MANUAL

FOREWORD

The Hanford Engineer Works project was undertaken late

in 19412 by the du Pont Company for the -United ~tates Government,

specifically for the Army Engineers. Its objective is the pro-

ductionhof an element, called plutonium, which _has certain prop-

erties particularly suited for the purposes fot which tt is used.

The end use, however, is of no concern of the du Pont Company,

whose responsibility ends with the production of stipulated

amounts-of pure plutonium compound.

- The fundamental research and developient leading toward

a pratcaJl process were carried out by a largW group of scientists

working at an American University. Further research and develop-

ment were carried on at a semi-works plant located near Knoxville,

Tennesa-ee, known as the Clinton Laboratories. This plant was

designed and constructed by the du Pont Company, based on funda-

mental .data and information supplied by the University, and was

operated officially by the University group td produce several

grams of product for experimental work, and at the same 
time to

provide the additional process information needed for the design

and operation of the large plant. It also served as a training

ground for Hanford personnel.

This Hanford Technical Manual deals generally with the

processes and plant equipment-employed at Hanford for the produc-

tion of plutonium, and is designed to serve as a handy general

reference text for operating supervision. The text is primarily

descriptive, rather than definitive. Processiconditions, such as

pressures, temperatures, concentrations, activities, etc., stated

in this manual are not firm specifications for these processes.

Such specifications are covered by "Operating Standards", issued

separately.

XC~SI TOD
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All parts of the Hanford process are "toassified" under

security regultionsl. To avoid unnecessary disclosure, the

manual is being issued in sections, 
three in all under present

plans, as Tollows:

SECTION A - ETAL PREPARATION

-This section covers the steps involved 
in converting

the basic raw material, uranium metal, into a form suitable for

processing.

-l -

SECTION B - JIl

---This section Pr undamental riniples of the

l ction by which the product is made, tosether with

desoripti-Ofl Of the Plant- and equipment for arigotti

reaction.-

1-

SECTION C - SEPARATIONS

This section covers the basic chemistry 
and plant and

equipment provisions for'extracting the product- separating out

active by-products, and isolating 
pure product. -

Ma
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INTRODUCTION

HANFOD ENGINEER WORM TECHNICAL MANtAL

SECTION A - METAL PREPARATION

oleal Le used in the Hanford process in the form of short cylinders, or

slugs, which are bonded to-aluminum jackets. The jackets are necessary to

prevent cortosion and the escape of radioactive materials. The bonding is

required to provide adequate heat- transfer. This section of the manual deals

with the preparation of the jacketed slugs.

AZ-

ELIsFITO
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SIM PROCESS SUMMARY

PROCESS SUMMARY

Detal is received at Hanford from various suppliers as billets that
have been analyzed and inspected, and are ready for extrusion. These are
preheated as needed in a rotary furnace to the extrusion temperature of about
1625OF (8850) in an atmosphere of argon. As quickly as possible the billet
is then placad in a hydraulic press and extruded into a long rod. This is
partially straightened by hand working and rolling before quenching in water.
Imperfect ends of the rod are then cropped off by an abrasive cutter, if
necessary, and the usable rod is straightened thoroughly in a bar straighten-
ing machine.. The rod is then "out-gassed" to remove dissolved hydrogen by
heating for 11 hours to 11500 F (62100) in a sealed steel cylinder through
which argon gas is passed at .6 cu.ft./hr.; the cylinder is placed in an
electrically heated car-bottom type furnace. The rod is machined on turret
lathes into 8-inch long slugs suitable for canning. F

The primary requirements for a canned slug are firm and complete bond-
irig of slug to can, high melting-point of bonding medium, and mechanical
strength of the assembly, to withstand thermal shocks encountered in service.
The alumInum--ilicon bonded. slug meets these conditions. Oxide on the sur-
face of the slug is removed in a bath of nitric acid in the first step of
this process. The slug is then dried and dipped into a bath of molten copper-
tin alloy. This forms a blocking layer on the surface of the metal that pre-
vents it from alloying with the bonding material during the canning operation.
The bronzed slug is dipped into- a bath of molten tin to remove the excess
bronze from Its surface. The excess tin is then removed from the slug by
centrifuging. Following this, the slug is dipped into a molten aluminum-
silicon bath and manually pressed into-the can, which has previously had its
surface prepared and has been preheated in the Al-Si_canning bath and filled
with the molten metal. An-aluminum cap previously cleaned and etched is
inserted into-the open end of the can above the slug after having been pre-
heated and coated with aluminum-silicon. The assembly is then removed from
the canning fixture and quenched in cool water. Following this, the cap end
of the canned piece is machined to the proper thickness as measured by X-ray
methods, and the end closure is completed by welding the cap to the can using
an electric arc in an atmosphere of argon.

The general layout of buildings in the metal preparation area is shown
in Figure 1.

PHYSICAL AND CHEMICAL PROPETIES DECL-
Metal

Metal is very dense and has a bright finish that assumes a golden appear-
ance after a few hours' exposure to air at room temperatures. This color
changes to a dark brown after several days' exposure.- It is very reactive
chemidally, and in many of its properties resembles iron. At elevated tempera-
tures it is attacked by hydrogen, water yapor, carbon-dioxide and hydrocarbons.

- 103 -
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PWLBICAL AND CHEXICAL PROPERTIS

When heated in an atmosphere of hydrogen at 480-580oF (249-304O0) the metal
breaks down into a gray granular powder. The solubility of hydrogen in metal
is appreciable at all temperatures being at a maximum at 570OF (29900) and
at a minimum between 840-1t60oF ( 4 9-76 7 OC). Its Ignition temperature in air
is between 30O-340OF (149-l7lo0), depending upon the subdivision of the metal.

The crysialline structure of metal is dependent on its temperature. At
room temperat'e, in the alpha phase, the crystals are orthorhombic. When
heated to 12290F (66500) there is a transformation to the beta phase, which
has a cubic structure. Further heating to 14290F (7760C) causes transition
to the gamma phase.

In the alpha phase, the metal is moderately hard like steel or cast
iron. In the beta phase it is very hard and brittle. In the gamma phase it
it increasingfy malleable.

Fabrication can be done in the gamma or high alpha phases by extruding,
rolling, or forging; in the high alpha phase relatively high pressures in
the metal are required compared with gamma phase fabrication. For example,
extrusion from 4-inch diameter billets to 1 1/2-inch diameter rods requires
about 80 tons/sq.in. pressure at 10000F And about 7 1/2 tons/sq.in. pressure
at 17000F.

The upper limit of fabrication temperature depends on the melting point
of the metal and the degree of oxidation that can be tolerated.

Metal can be welded by use of the atomic hydrogen torch, the helium
shielded tungsten arc, or the oxyacetylene torch.

Hardness range of the metal is from about 90 fockwell B when annealed
to about 112 Rockwell B after severe cold-working.

Other physical data are listed below:

Solid Phases

Transition Temperatures (beating)
Alpha to Beta 1229 665
Beta to G0mm 1429 776

Note- in effect, somewhat lower when cooling

1&lting Point 2010 1100

Boiling Point 7770 490

Heat of Transformation

Alpha to Beta Transition 5.0 BTU/Lb 665 Cal/Mol
Beta to Gamma Transition 8.9 BTU/Lb 1165 Cal/Mol

- 105
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PHYSICAL AND CHEMICAL PROPERTIES

Heat Transfer Coefficient

1,16tal to Aluminum 0.258 BTU/Hr/Sq Ft/op 0.05 Cal/Sec/Sq Cm/O0

Coefficient of Thermal Expansion (Linear)

6 - x 1 -6 per OF 70-250o F = 20-1600 C
8 x 10-6 per cF 250-4600 F = 160-2400 0
9.5 x io- 6 per OF 460-9300 = 240-500 C

Density at Room Temperature

1185 Lb/Cu Ft

1-0.8 x
14.4 x
17.2 x

o-6
10-6
lo-6

per OC
per OC
per OC

= 19.0 g/cc

Tensile S-trength

Annealed
Cold Bolled

6o, oO
8o, oo

- 80,000 Lbs/Sq In
- 190,000 Lbs/Sq In

The surface of aluminum is covered with a very thin film of oxide.
This forms instantaneously after the metal has been cut or scratched. The
chemical properties of aluminum surfaces are a function of this film. Before
any chemical attack can be made on 'the aluminum itself, the film must be
pierced or dissolved. Aluminum can be readily dissolved in basic solutions
and also ii ac-id solutions in the presence of mercury salts. Aluminum is
very ductile and malleable. It is a good conductor of heat and electricity.
The crystals of the metal are arranged in a face-centered cubic-lattice. Itreadily forms alloys with other metals and,when molten, certain gasses and
non-metals are-quite soluble in it. Other physical data are listed below:

168.6 Lb/Cu Ft 2.702 g/cc

Melting Point

Boiling Point

12160 F 658.70 0

,2720 F 18000 C -DECLASSIFIED
Expansion Coefficients

68- 212-
168- 592'

- 68T. 572
68- 752

£68- 932
68-1112

a_-

Aluminum

Density

24 . x
25.9 x
2 6.7 x
27.2 x
27.9 x
28.6 x

10-6'
io-6
io-6 -
to-6

OC

20-100
20-200
20-300
20-4o
20-500
20-600

- o6-
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EXTRUDING METAL RODS

IncreasB6in Volume in bblting 6.

Recrystallization Temperature 3020 F = 500 0

Ultimate Tensile Strength of Annealed Aluminum 14,ooo Lbs/Sq In

EXTRUDING METAL RODS

General

Regular and consistent cycles of operation are important for successful
results, as temperatures and operating conditions in several parts of the
equipment are dependent on material going through. The metal being handled
is ma'e difficult in many respects than most materials commonly extruded,e.g., ready oxidation, poor heat transmission, and unworkable characteristics
in the beta phase. Greater care and closer control are therefore necessary
than in the usual commercial extrusion. For the purpose in question, extru-
sion is not an ideal method of fabrication; it has been selected as the leastobjectionable, all things considered, in preference to rolling, drawing,
forging, etc.

Preheating Billets DECLASSIFIED
A rotary furnace with six electrical resistance unit heated zones, all

separately pyaometer-controlled, is used for billet heating. The rotating
hearth is provided with 72 saddles, each holding one billet; of these 66 can
be filled at astime, the idle ones being between the charging and discharg-
ing doors. Billets are raised to the charging level by a hydraulic lift)
and pushed into the furnace and onto the saddles by a hydraulic plunger. An
indexing dial is provided, connected to the hearth drive, to show which sad-
dle is in the charging position.

Inert atmsphere, to reduce billet oxidation, is provided within the
furnace by a supply of 99.6% argon, fed at a rate sufficient to hold not
over 2% oxygen content of the furnace atmosphere. Instruments are provided
to indicate argon supply and oxygen content of the furnace atmosphere.

Furnace temperatures are controlled (at about _17000F) to heat billets
to a uniform temperature of 1600-16250F in 6o-65 minutes. Thorough and
consistent heating is desirable for satisfactory flow-of metal in extrusion.
Minimum feasible time and temperature, with reasonably inert atmosphere,reduces billet oxidation, which wastes metal and (unless removed) impairs the
extruded rod.

- 107 - a
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1EUDING DETAL RODS

a
Extruding the Billets

The billet, after removal from the furnace, is moved quickly by mechani-cal handling into the extrusion container; during this billet exposure anynecessary brushing or flattening of rough or swollen spots is done, to facili-tate prompt entering into the press container, and reduce the oxide or scaleon the billet. A "dummy block" is inserted back of the billet, the diecarriage locked to the container, and the press ram advanced to extrude thebillet metal through the die, forming a rod.

The extrusion press is rated at 1000 tons, having a 33-inch stroke witha 4 1/4-inch ram, operating at speeds of 145 inches/min. below 500 tons and23 inches/min. with 500-1000 tons pressure.

The extrusion die, mounted on a movable carriage, is 1-inch thick and4 1/2 to 5 inches diameter, with a tapered throat and a "bearing" or activeforming area -/32 inches wide. The material is hot die steel of 10-15% Wcontent, hardened to about 40 Rockwell 0, and coated -on face and bearingwith a 1/16-inch veneer of Stoodite No. 54, which is ground and polished toproper smoothness and size (about _1.500 inches for 1.465-inch diameter rods).Dimensional accuracy and surface smoothness ale essential for proper roddiameter and surface which in turn are requir d for economical machining.
Die marks may cause surface cracking during quenching, by stress concentra-tion. The Stoodite surface resists wear and alloying with the extruded .Metal. 

- *-

The extrusion container is a hot die steel spool of 4 1/2-inch inside "Odiameter and 26-inch length, including a replaceable inner liner, set in a f*.cradle or hous;ing containing electric resistance heating elements automati-cally controlled to hold an operating temperature of 1000OF. This temperature is kept as high as possible without softening the steel container, to
avoid chilling the billet below optimum extrusion temperature. Before eachextrusion the container bore is cleaned and lubricated with a graphite-oilmixture. Periodically, reboring is necessary to maintain close clearances.

Dummy blocks are used in sets of three to six to -permit cleaning andassure stable temperature. They are cylinders of hot die steel, closelyfitting the container (about 0.010-inch total clearance, cold), with one endand flank coated with a veneer of No. 6 Stoodite, for the same reason as 'thedies. Dummy blocks are also cleaned and lubricated with graphite and oil,to reduce adhesion and wear, and to aid metal flow.

Under normal conditions, 15000-25000 lbs./sq.in. pressure in the con-tainer is required for extrusion. A 20-inch long 200-lb. billet requiresabout 10 seconds for extrusion, and makes a rod about 14 feet long.

At the endof extrusion, the rod and die carriage are withdrawn fromthe press container; about 1/2-inch of the original billet is not extruded,but left at the back end of the rod with dummy block adhering. This "butt"is cut off the rod by a hydraulic. shear at the end of the press. There aretwo reasons for leaving the butt, which is about 3-7% of the original bil-let; further erbrusion would involve extreme increase of pressure, and themetal remainin in the butt is contaminated with oxide-and scale. The butt
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is removed from the dummy block (whi-ch-is then cleaned and reused), quenchedin water, and handled as scrap metal to be reclaimed, segregated from other
scrap. Figure 2 shows a normal billet, rod and butt.

Preliminary Straigrtening and Quenching Rods

The sheared rod is withdrawn from the die, straightened while still ingamma phase, air-cooled to about 900-12000F, and water-quenched uniformly.
Air-cooling reduces likelihood of cracking and surface hardening of rods.Water-quenching (within, say, 5-8 min. after extrusfon) reduces oxidationloss due to holding the rod at high temperature.

barking and Cropping Rods

Each rol is stamped with the billet number from which it was extruded
for identification through machining. Rods showing external imperfections
preventing machining to good slugs (oxide inclusions, ragged ends, etc.) are
cropped by an abrasive cutter to remove the defective portions; the result-
ing solid scrap is segregated for reclaiming. - L

Final Rod Straightening

The rods are then passed through a Medart roll straightener, to prepare t
them for machining in turret lathes.

Outgassing Rods

To remove dissolved, combined, or included gases in the metal (particu-
larly hydrogen), the straightened rods are placed in a closed cylindrical
container (90 rods capacity), through which argon gas is passed; this con-
tainer is placed in an electrical resistance heated car-bottom furnace and
heated to 1150-122 0OF (621-6006C) for a period of about 11 hours. At this
temperature, hydrogen solubility in the metal is minimum. The rods are cooledin the container with argon atmosphere retained, and must test less than 2
ppm of hydrogen to be acceptable.

Rods which warp during outgassing to an amount not acceptable for machin-
Ing are restraightened and reannealed.

MACHINING SLUGS FROM ETAL RODS

Machinability of Matal

Machining properties of metal somewhat resemble those of mild steel.
Because of lower heat conductivity the chips become much hotter when they

- 109 -
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FGURE 2
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are removed from the stock. These oxidize at temperatures above T40 OF(171 00) and may cause a serious fire if not properly guarded. To preventthis it is necessary to supply a large flow of coolant (20 parts of water to
1 part of soluble oil) to the tool bit. The catch pan on any machine onwhich metal is worked should be filled with . to 4 inches of coolan in whichthe hot chips may fall and be quenched. During the process of oxidat ion someof the metal oxide is given off Into the air. All machines on which metal isto be worked-should be provided with adequate individual suction air vents.

When machining metal, the tool bit must be kept extremely sharp. Bardtungsten-carbide tool bits are used for this work. Should the bit chip orbecome rounded and drag on the work, the metal becomes work hardened to suchan extent thatany following machining operations are extremely difficult.Experience indicates that the best rake and clearance angles on a tool arebetween 6 and 7 degrees. The surface speed of the work should be keptbetween 125 and 150 feet/minute. The depth of cut should not exceed 0.050inche' nor the carriage feed exceed 0.015 inches/revolution. increasing thesize of chip or cutting speed damages the tool bit. Metal chips from machin-ing operations are most safely stored in steel cans Under water.

The Machining Vrocess

The machining process is as follows: DECLASSIFIED
1) The rod is chucked in the lathe so that a slug's length extends outof the jaws, with enough extra to permit working the cut-off toolfor cutting a slug of proper length.

2) The outer end of the rod is faced smooth and square.

3) Thecpylindrical surface is machined to 1.359 + 0.001 0.002 inchesdiameter.

4) The slug is cut off about 8 1/16 - 8 3/32 inches long.

5) The slug is then reversed and re-chucked.

6) The cut off end is machined smooth and flat so that the slug is8 inches long.

7) The corners are rounded with a radius cutting tool.

During the machining process a large flow of coolant is required tokeep the chips below the ignition temperature. The chips must be frequentlyremoved from the catch pan in order to prevent burning. The liquid levelmaintained in the catch pan must be such that all chips falling into it arecompletely submerged. Should a fire result from this operation the onlysatisfactory method of extinguishing is to cool the chips below their igni-tion temperature by submerging them in water.

During the machining operation the surface of the slug must be kept freeof smearedmetal caused by dull tools or improper feed. It has been found

- 111 -
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THE CANNING PROCESS

that this type of surface causes a poor heat transfer that would hamper the
normal operation of the slug.

Inspection

After the slugs have been machined they are inspected for dimensions,
soundness of metal, surface finish, and weight.

THE CANNING PROCESS

Process Control

Figure 3 is a flow sheet of the assembly operation. The various parts
used in the -assembly operation are shown in Figure 4. Figure 5 shows the
assembly of a finished slug.

The prime requisites in the production of a finished metal slug are:
the slug shall be completely bonded to the aluminum -can and cap at every
point; the cap shall be firmly and voidlessly bonded to the walls of the can
above the slug proper; and the aluminum envelope thus placed about the slug
shall be absolutely free from ruptured or penetrated regions to the end that
the canned piece shall be able to withstand prolonged exposure to steam ar
water at high temperature without the slightest trace of water coming in con-
tact with the base metal.

The bonding medium used in the process is an aluminum-silicon alloycon-
taining approximately 11.25% silicon, adjusted to this value by methods of
thermal analysis.') In order to insure complete bonding between the metal slug
alnd the aluminum can and cap, it is essential that the surface of all the
component parts be completely wet by the bonding medium and that they be
assembled in the presence of an excess of the bonding medium in a fluid state.

Wetting of the slug surface with the bonding medium is accomplished by
first degreabing and pickling the slug, and then passing it through a series
of molten metal baths of suitable temperature and composition.

Several factors must be considered in establishing a technique for
wetting aluminum cans and caps with the bonding medium:

1) The surface must be chemically clean.

2) The surface must be free from areas of fine irregularities or matte
condition. -

3) The surface must be treated to remove most of the film of aluminum
oxide normally existing on aluminum surfaces exposed to air, and
to-inhibit further formation of such film. This treatment must not
be drastic enough to proauce a matte 'surface.
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4) Adsorbed moisture tends to react with the aluminum to produce asurface not conducive to wetting.

5) Abrasion of the aluminum surface at a temperature above the melt-
ing point of the Al-Si, while in intimate contact with the moltenalloy in conducive to the wetting of the surface.

In addition, it is necessary to control the length of time in the baths andhandling time between them accurately. Excessive handling time results inthe formation of a thick compound layer between the slug and the can or inexcessive lowering of the slug temperature.

Equipment

Slug Michiting

For slug machining No. 4 Gisholt Lathes are used. These are equippedwith hexagonal turrets and carbolloy-tipped cutting tools ground to suitableahape. Each lathe is covered by a vented hood to prevent scattering ofchips, and to draw off finely divided oxide and fumes from the coolant.Snap-gages And length gages with dial indicators are used to insure properdimensions of the turned slug.

Slug *Pickle

The tanks containing the nitric acid bath used for removing oxide filmfrom slugs prior to canning, as well as the rinse-water tanks, are made ofstainless steel (Cr 18, Ni 8, Mo 1) with welded seams. These tanks arefitted with stainless steel steam coils and dial type thermometers to per-* mit maintaining proper temperature. Exhaust hoods are provided to draw off±umes from the nitric acid.

lbtal Bath Furnaces .

The furntces used for.melting and keeping molten the various coatingmetals employdd in the canning process are Hevi-Duty nichrome element typefurnaces of the proper size to hold 24-inch by 24 -inch graphite or TercodcrUizbles. The crucibles holding the bronze and aluminum-silicon bathsare supported within the furnaces on pedestals each made up of three 1200segments of Tercod cylinder. The tin crucibles are encased in a metalsheath for protection, but such a sheath retards heat transfer too greatlyin the other furnaces.

The furnace temperatures are controlled by adjusting heat input torate of flow of material through the baths. Micromax automatic controlsand recorders are adjusted in the light of experience to furnish properheat input to maintain the temperature desired in the bath within a closetemperature range.

Centrifuges

The centrifuges used for removing excess molten tin from the slugs priorto dipping the in the.Al-Si bath are of the heavy-duty type, permitting
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attainment bf maximum speed of rotation within 5 seconds after starting.
They are each fitted with a brake which will stop rotation in an additional
second or two, thus making it possible to remove most of the excess tin
from the slug without unduly cooling the latter.

Canning Fixtures

The removable baskets used to hold the sleeve-can assembly in the can-
ning bath, as well as all tongs and spatulas which are in frequent contact
with molten metal are made of 18-8 stainless steel in order to resist solu-
tion in the baths and corrosion by the atmosphere. The baskets are
supported by a two-position camjack with a level adjusting clamp, permit-
ting the sleeve-can assembly to be lowered into and raised from the canning
bath with facility.

Quench Tanks

The tanks used for quenching the assembled canned pieces are rectangular
in shape and of about 30-gallon capacity. Each is fitted with a 1/2-inch
gold water inlet and a weir with catch basin and drain for maintaining proper
water level-as the cold-water flows through it. Accessory to the quench
tank are receiving baskets into which the hot slug-can-sleeve assembly is

placed after removal from the canning basket.

Slug Preparation

Degreabing

As the_ slug comes to the canning area from machining, it is covered
with a film of cutting oil to which adhere particles of various kinds of -

foreign matter. A preliminary step in the preparation of the slug for can-
ning is the removal of this surface dirt and oil. This is easily and
effectively accomplished in a solvent-vapor degreaser. The oily slugs are
suspended in suitable baskets in trichloretbylene vapors for a period of
2 1/2 minutes during which time the vapors condense on the surface and run
off, carrying away the oil and dirt particles.

Pickling

The dark film of oxide adhering to the slug is insoluble in the solvent
used in degreasing. It is removed by immersing the slugs batchwise in a
bath of 50 - 5% nitric acid at 60 - 70 OC for 4 1/2 minutes followed by a
rinse and a 1/2 minute repickle.

The slugs are rinsed acid free in cold running water and dried in a
blast of warm dry air. The water evapotates from the slugs before they
are heated to a temperature high enough to cause formation of oxide through
reaction with the water. Slugs should be put through the canning process
as soon as possible after pickling to prevent re-formation of the oxide

film. Pickled slugs which have become tarnished from exposure to air may
be reconditioned by a few seconds repickling in the acid bath. No attempt
should be made to can tarnished slugs.
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After pickling and drying, the slugs are handled only with clean, drygloves and are placed directly from the drying operation onto the dispens-
Ing rack. -

Bronze Dip

In order to wet the surface of the slug with the bonding medium it isnecessary to raise the temperature of the slug above that of the meltingpoint of the bonding medium. This can be aucomplished by heating the slugdirectly in the Al-Si bath, but the long exposure of the slug to thealuminum at high temperature results in alloying of the two metals, formingan excessively heavy compound layer that is extremely brittle on cooling,and can not satisfactorily withstand mechanical or-thermal shock.

It has been found that this difficulty is not encountered if the slugis brought up to canning temperature in a bronze bath. Lead has also beenfound satisfactory for this purpose.

The most desirable composition of the bronze dip is 4% copper and 53%- tin. These components are not selectively withdrawn from the bath by theslugs and the concentration remains relatively unchanged. The meltingpoint of a bath of this composition is 1280 OF (693 OC). Copper is used inthe bath since it increases the undercutting resistance of the aluminum-silicon bond. At concentrations greater than 50% the copper oxidizesexcessively on the surface of the bath.

A flux (71% potassium chloride, 48% barium chloride, 21% sodiumchloride) is used on the surface of the bath to protect it from oxidation.This flux also cleans the slugs and aids in wetting them during the dip-
ping operations. It is a further aid in preventing the slug from oxidiz- COing as it is removed from the bronze dip and transferred into the tin bath

ICxperience indicates that the optimum operating temperature for thebronze bath is 710 + 5 00. Higher temperatures cause excessive dissolving |-of the slug. Lower temperatures are not conducive to good slug coating. .. L.About 40 seconds are required to bring the slug to the proper temperatureand completely wet it.

Tin Dip

The tin dip serves as an -intermediate bath between the bronze and thealuminum-silicon. It removes practically all coppet from the slug andapplies a surface to it that the aluminum-silicon will readily wet.

It also serves to cool the surface of the slug sufficiently to preventits oxidation when carried from this bath to the aluminum-silicon bath.

Flux, carried from the bronze bath, floats on the surface of the tinbath after slug immersion. This is carefully skimmed off before the slugis removed from the bath. In this manner, no flux is carried from the tinbath into the aluminum-silicon bath.

The composition of the bath is 99.6 to 99.9% tin and 0.1 to 0.4%
aluminum. The aluminum is added to minimize the oxidation on the surface
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of the bath. This is possible since the affinity of aluminum for oxygen isgreater than that of tin. The oxide film formed on aluminum surfaces is
extremely thin, making it desirable for the bath protection.;

The aluminum slowly forms a compound with some of the copper which iscarried over the bron e bath. This compound floats- on top of the bath andis skimmed off after each slug is placed in it. When the surface of the bath
*hows signs of excessiv. oxidation, It indicates that the aluminum contentshould be increased. An excess of aluminum, however, does not seem to aidin this function ,Lwhen the copper content of the tin bath reaches 5%, thebath is discarded. and a new one is melted upS

LTbe tin bath is maintained at a t'mperature of' 9 , OC. Highertemperatures are not necessary and serve only toProduce excessive oxide
formation on-the bath and the slug. L yer temperatures cool the slug sothat there is danger of Al-Si freezing on it before the canning operationis complete.

As the slug is released from the bronze-dipping basket it drops onto astainless Steel tray which is suspendea. about 4 incnia below tne surface aofthe tin bath, Ot remains on this tray for a period of 35-40 seconds. This
te has been found sufficient to cool the slug to the desired temperature.The surface of the bath is then skimmed and the slug gasped in stainlesssteel tongs arid removed to the centrifuging operation.

Centrifuging

As the slug is removed from the bath a large excess of tin clings toits surface. This must be removed before the slug is dipped into the
aluminum-silicon bath so that the latter will not be rapidly contaminatedWith tin. an* cannot be tolerated above 0.2% In the bonding medium between ..the can and th slug since it lowers corrosion resistance and interferes inthe separations process. h In addition, the tin layer contains a relatively Cemhigh percentage of dissolved hoary metal received from the bronze bath.This metal, when alloyed with aluminum-silicon, forms a brittle compound
which is undesirable in the final assembly.

When the slug i- removed from the tin bath it is placed in a containeron the circumference of the rotating basket. The opposite side of the
basket is counterbalanced in order to prevent vibration. The slug retainssufficient heat in itself so that it is not necessary to heat the basket inthe centrifuge. Cnter the slug has been rotated for 5 seconds the excesstin has been thrown off, leaving a layer about 0.0005 inches in thickness.j

Aluminum-Silicon Dip

Aluminum-silicon is used as a bonding medium since it has a lowermting point than aluminum and virtually the same corrosion resistance.
.73t0cosists of-roughly 88 aluminum and 12% silicon wbich is near theic compsition of this system. 7

Z4'he slug is dipped for 6 seconds into the aluminum-silicon bath afterre moval from the centrifuge. This insures that its surface is completely
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wetted with the alloy before it is inserted into the can. The bath tempera-
ture is maintained at 595 ± 5 OC.

Preparation of Parts

Sleve Preparation

During the process, of assembling the slug and cap in the aluminum can,
the latter is enclosed in a heavy walled steel sleeve open at the top end.
This sleeve serves the four-fold function of holding the can in position inthe molten Al-Si bath for slug insertion, of preventing the Al-Si from
fouling the outside surface of the can, of supporting the can rigidly to
prevent its deformation during slug insertion-, and of transferring heat from
the molten bath to the can. Differential contraction of the steel and
assembled slug permits easy removal of the latter after quenching provided
the sleeve has the shape of a right circular cylinder without distortion.

The steel protective sleeve, as received, have no coating over the bare
metal. If they are submerged in this condition in Al-Si at the canning-bath
temperature and allowed to remain until temperature equilibrium is reached,
especially if the surface is subjected to abrasion while in contact with the
alloy, the latter solders itself to the steel and is very difficult to
remove. For this reason, it is necessary to bake the sleeves at a high
temperature in an oxidizing atmosphere until they bedome coated with a heavy
blue oxide film which resists attack by the aluminum-silicon bath during
the assembly-tperation.

Sleeves may be re-used repeaitedly as long as their dimensions are not
distorted. It is only necessary to dissolve off adhering Al-Si in a strong
caustic solution, rinae, and dry them thoroughly. They are given a final
rinse in soapy water before drying to cover them with a rust-preventing
film.

Can Preparation

In order td insure a good bond between slug and can, the latter must
have a chemically clean, dry surface on the inside, free from matte areas. o
After a great deal of experimentation, the following preparative procedure Q
has been adopted as conducive to best bonding results.

1) Inspect out cans having interior surface stains, matte areas, and
other surface imperfections

2) Degrease in clean solvent

3) Soak 6 minutes in a solution of 0.1% tetrasodium pyrophosphate,
0.1% at 55-65 00, followed by thorough rinse, first in hot water,'then in cold water

4) Etch by complete immersion in 20 ± 1% phosphoric acid at room
temperature. (20-70 OC) for 4 min. 1 15 sec. This etch must be
very mild to prevent forming a matte surface
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5) Rinse thoroughly in cold water and drain

6) Rinse in C.P. methanol

7) Dry at least 15 minut6u on forced air dryer at 60-70 OC
Cap Preparation

The reason for careful preparation of aluminum caps are the same asthose given for cans. The treatment is also the same except that etchingis done in a 1% solution of fluosilicic acid for 8 minutes at room tempera-ture instead of In phosphoric acid.

Assembling Can and sleeve
.Immediately follow ng the final step of can preparation, the cans are

inspected for internal flaws, following which they are inserted in pre-inspected sleeves. It is necessary to flare slightly the mouth of the canto seal it against the sleeve in order to prevent the molten Al-Si fromrunning down between the s± eve and can. According to present procedure,this flaring is accomplished in two steps: a 2-inch steel ball is pressedinto the protruding end of the can after its insertion into the aleeve, and
later, after the can-sleeve assembly has been heated by partial immeruionin the molten canning bath un il the can has become annealed, a similar ball L--..is again tapped into its mouth to readjust the contour of the can to that ofthe sleeve. 

CW
Assembling Component Parts

The steps in the assembly process are as follows: L.J
1) Place sleeve-can assembly in canning basket

2) Inmerse sleeve-can assembly to within 1/2 inch of its mouth inmoltn canning bath at 590-596 OC (previously adjusted to a siliconcontent of 11.2 to 11.5%). Preheat in this manner 45 sec. 5 5 sec.
3) Completely submerge sleeve-can assembly in canning bath allowingcan to fill with molten metal.CHold it submerged 40 ± 15 sec.until hot slug is brought over from Al-Si dip bath
4) \0o seconds before slug is due to arrive at canning furnace submergecap (held by boss in tongs) in the canning bath. Hold motionless.Skim oxide from bath surface.

5) Dip slug brought over from Al-Si dip bath into canning bath.Immediately remove and insert lower end of slug in open end of can-sleeve assembly which has been rinsed to permit location. Alignslug coaxial with can.
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S6) Allow slug to drop under its own weight into can at least half itslength, displacing molten Al-Si as it settles. Keep slug alignedcoaxial with can. Meanwhile, lower assembly again so that mouthof can is entirely submerged.

7) Press slug completely to bottom of can with push rod.

8) Remove cap from bath, scrape bottom vigorously across a roughsurface (such as a transite board) to insure its wetting.
9) Be-dip cap in bath or two seconds, during which it is swirledvigorously - --

10) Inset't cap in open end of can above slug, using twisting motion,and press down tightly.

11) Remove assembled piece to quench.

Quenching

After removal from the canning basket, the assembled piece, stillencased in the protective sleeve, is transferred with tongs to a quenchingbasket, similar in shape to the canning basket. The basket with its con-tents is then completely submerged in the cold flowing water of the quenchtank until the molten Al-Si has solidified, after which the basket issuspended in the water with the top about 1/2 inch above the water leveluntil the assembly is cool enough to handle comfortably. The slug is thenremoved from the sleeve by inverting and shaking, or in occasional stub-bornly stuck pieces, by tapping the sides of the sleeve with a rawhidemallet.

Finishing Operations

Cut Off

After canning, the rough jagged end at the top of the slug is cut offon a band saw to give a piece about 1/4. inch longer than the finishedlength. The band saw is much faster for this rough cut than a lathe, andit lessens the danger of shattering the bond at the cap end.

* Measuring and Mrking ap Thickness

Proper operation of the pile requires reasonably close tolerance in thethickness of the aluminum end pieces on the slug. The bottom of the cansare fabricated to the proper thickness (0.0345 j 0.010 inches) and if theGlug is completely seated, the thickness at the bottom is satisfactory. Inorder to insure proper cap thickness, however, in view of the fact thatslug length tolerance is equivalent to cap thickness tolerance, it is neces-sary actually to measure the distance from the end of the slug to the end ofX-rays, Ind~exin~g the end of the slug by viewing through a fluoroscope, and
maringth, wllof the aluminum can at the proper distance above the end
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of the slug to give a cap thickness of 0.040 1 0.010 inches.

Machining

After the slug has been marked to give the desired cap thickness, the
saved end of the piece is faced off in a lathe to the depth indicated by
the mark on the side. A shoulder 0.030 1 0.005 inches deep by 0.050 +0.010 inches wide is turned around the end of the slug to facilitate eld-
ing.

WiediL

To insure complete closure of the cap end of the slug, the cap iswelded to the can, using an electric are in an atmosphere of argon. Forthis purpose a collet chuck capable of rotation of speeds varying from zeroto about 30 rev./min. is used to hold the slug, and the torch is held in asturdy jig capable of 3 inches lateral swing, and fitted with a micrometer
screw for the vertical adjustment of the arc spacing.

In use, the slug to be welded is chucked in the collet and the tungstenelectrode is adjusted to give the proper spacing (0.050 inches) from themachined end pf the slug. The argon flow about the electrode is adjustedto the rate of 3 to 5 liters/min. The arc is struck by ionizing the gaswith a high tension spark while the electrode .and slug are at a potential
difference of approximately 300 volts. After the arc is initiated, the
current is adjusted to 70-75 amps, at which value the potential difference
between electrode and slug drops to 11-15 volts. The arc is struck on themachined cap at a point approximately 7/8 inches away from the center ofthe slug, which is rotated in a counterclockwise direction for one full
revolution, the speed being adjusted so that a well defined pool of moltenaluminum exists under the arc for at least half of this revolution. Therate of rotation is then diminished or completely stopped while the elec-trode is moved slowly outward to a position just outside the machinedshoulder of the slug. The rate of motion of the electrode must be suchthat the molten pool always stays ahead of the arc. As soon as a pool formsin the new arc location, rotation of the slug is continued at such rate thatthe molten pool:stays ahead of the arc. One complete revolution is madewith the arc in this- position, plus about 1/4 inch overlap. The arc is thenmoved still further outward until it is such a position that it forms asmooth, rounded weld bead. The rate of rotation is increased as much aspossible, still keeping the pool ahead of the arc. After ccmpleting onerevolution plus about 1/4 inch overlap, the arc is moved rapidly toward thecenter of the cap and the arc circuit is broken. The electrode is then
moved aside and the slug removed from the collet with padded tongs and cool-ed in a water tank to permit handling.

INSPECTION AND TESTING DECLASSIFIE
The inspections required for a completely assembled slug for the HanfordPlant may be divided into two main $roups:
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1) Inspection of materials

2) Inspection of completed assembly

The latter may be divided into four sub-groups which are: well sound-
ness determination, extent of bonding present, gauging, and visual examina-
tion.

Dkterials Inspection

Inspections are made in the machine shop to see that the slugs meet
the tolerance required before they are turned over to canning. No routine
inspection in canning is made on the slugs. The aluminum cans and caps
and steel sleeves are made by outside companies and shipped to Hanford.
Samples are taken from the cans and caps received at Hanford periodically
and analyzed chemically to see that the impurity tolerances allowed are not
exceeded.

. Cans, caps, and sleeves are completely inspected for the following
items before they are turned over to production:

Cans: Length, outside diameter, wall thic1mess, bottom thickness,
Varp, interior and exterior surface condition. (Bottom radius,
dimple dimensions, mouth chamfer and measurement of scratch depth
re checked on representative samples rather than on all samples)

Caps: Diereter, body length, radius at bottom edge, boss, surface
&onditions.

Sleeves(new): Inside diameter, depth inside, length, wall thickness,
chamfer, inside surface, weld bead inside, warp.

Sleevea (used): Inside diameter, warp, surface, adhering Al-Si.

Inspection of Canned Slugs

Fluoroscope Test

Prior to welding, the machined canned pieces are inspected by means of
an X-ray machine with indexed fluoroscope for cap and bottom thickness.
Those having thicknesses greater or less than the specified tolerances are
rejected at this point, thus saving the time and labor involved in welding
non-usable pieces.

It is also possible to pick out pieces having voided areas between slug
and cap or bottom, which defects are not detected in the frost test. When
such defective pieces are found, they ae rejected. Pieces successfully
passing the "Fluoroscope" test are sent on to the welding operation.
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Froist estx

The slug to be tested is sprayed with a nearly saturated solution of
acenaphthene in carbon tetrachloride until a smooth while film of the
acenaphthene is obtained on the surface of the aluminum jacket. The slug
is then passed during 30 minutes through a thermostatically controlled
temperature equalizer wlich brings all slugs to a temperature of 25 ± 3 O.

The slugs are then passed six at a time, at a definite velocity, through
an induction coil which supplies approximately 25 km of energy at 9600
cycles/second. This produces surface heating only. Acenaphthene melts
between 9,7-95 OC. If the heat induced in the surface of the aluminum canpasses through a good bonding medium to the slug, a temperature above 95 00is not reached on the surface, hence the acenaphthene remains white and
crystalline on all spots where the bonding between the can and the slug is
sound. If there is a void in the bonding, or if the bonding is defective
the beat induced on the surface is sufficient to raise the temperature on
the surface above 9- O and the acenaphthene melts at that point. When the
acenaphthene melts and then solidifies it forms rather large clear crystals
and remains in this form. Acenaphthene slowly sublimes at room temperature,
so that the slugs must be classified soon after passing through the testing
machine or erroneous classifications may be made. Slugs are classified
according to-the size and location of melted areas developed in the frosty
coating.

Pre-autdclave Inspection

Pieces successfully passing the frost test are de-frosted by trichlor-
ethylene vapor degreasing, or by other suitable means, and are then etched
10 minutes in a 4u-50 solution of nitric acid at 80-90 OC.

This treatment serves to darken any areas of exposed aluminum-silicon
so that any regions in which the bonaing meaium may nave penetratea through
the aluminum can become black and may be easily observed by visual inspec-
tion and rejected.

Followintg this etching treatment, the canned slugs are inspected fordiameter and yarn by' use of a full length tube gage of 1.455. inches inside
diameter. They are then visually inspected for penetration, surface defects,
weld quality, and presence of identification marks.

Autoclave Test

All canned pieces are steam-autoclaved for 40 hours at 90 to 100
lbs./sq.in. steam pressure. In this treatment, 210 pieces per batch are
loaded on suitable baskets and enclosed in a steel chamber into which steamis introduced. Under these conditions, any breaks in the aluminum envelope -even those ofimicroscopic size - are permeated by the water or vapor and the
metal slug is attacked and locally converted to the oxide which occupies
several times the volume of the metal before oxidation. TUrs warts or swel-lings are caused which betray defects in the continuity of the aluminum
jacket. Pieces which have developed such swellings are culled out by means
of a 1.455-inch tube gage similar to the one used in pre-autoclave inspection.
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In addition to detecting and eliminating pieces with discontinuities inthe aluminum jacket, the process of subjecting sound pieces to the action ofsteam builds up a heavier coating of aluminum oxide on their surfaces thanis readily accomplished by other means. This oxide film serves to protectthe aluminum jacket, making it more resistant to the corrosive action of thewater with which the pieces are surrounded in the pile.

All canned pieces are given a final visual inspection after autoclavingin which those which have been marred in handling or have become warped orstained during autoclaving are rejected.

SAFETY

Machining and Handling Metal

During all operations involving the machining of metal a fume hazardis present. Toxic quantities of oxide liberated during these operationsmust be removed by adequate ventilation. The best method for removing thisis individual exhaust hoods attached to each machine. By having an adequatesupply of coolant applied to the tool bit the production of this oxide canbe greatly reduced. Oxide is so concentrated in the air of the buildingwhere extrusion and straightening are carried out that operators are requiredto wear respirators.

The fire hazard in machining metal is always present. This can beminimized by using an adequate supply of coolant on the tool bit and bybeing sure that the chips are quenched in coolant when they drop into thecatch pan below the lathe. It is necessary that the be removed frequentlyand stored in steel cans to prevent ignition from a hot chip.

Operators working with metal must be careful to wash their handsfrequently and thoroughly in order to remove metal dust that may have col-lected on them. This metal is capable of destroying the skin tissue whenin intimate contact with it. The degree of damage is determined by thelength of time to which the tissues are exposed. For_ this reason, leathergloves must-be worn when handling metal, either raw or canned. Operatorsmust wear coveralls which are changed daily. Those whose work involvesfrequent handling of metal must take shower baths before resuming streetclothes.

Handling Hot Equipment DECLASSIFIED
In the extrusion and canning process much of the equipment is operatedat dangerously high temperatures. It is necessary, therefore, that theoperating personnel be properly and adequately clothed. This clothingshould include heavy asbestos gloves, asbestos or leather apron, leggins,loose-fitting shoes, and complete face and head protection. The coverallsworn by the operating personnel are fireproofed. Only thoroughly driedtongs, lathes, etc., must be dipped into molten baths due to danger of

- 126 -



HW-10475-SEC. A

COPY NO.._63-SERIES C

SAFETY

explosions at drops Of moisture i introduced beneath the surface of themetal, wiith attendant hazards to the operators,

Welding Prec-autions

Becauseof the electrical nature of the welding operation, adequateelectrical insulation and protection of 11 equipment is required. Glovesshould be worn when placing .the pieces in the collet chucks and they shouldbe removed with suitable padded -tongs to prevent danger of burns. The lightilter shield which surrounds the arc must always be in place when weldingis in progress. This provides adequate protection from the intense ultra-violet light generated by the arc.

Handling Acids

Operators who fill and empty the various acid bath tanks must wearrubber suits, hoods, boots and gloves at the time of handling the acid. Thefumes generated in the hot nitric acid tanks are quite noxious and must becarried off by adequate exhaust hoods.

Solvent lereasers

Active mktals, such as those involved in the present process, promotethe decomposition of the chlorinated hydrocarbon used as solvent in the vapordegreasers. Although the solvent employed in these units contains a basicstabilizer, the stabilizer may become exhausted and decomposition may proceedunabated. Since the decomposition products of chlorinated hydrocarbonsinclude phosgene, chlorine and hydrochloric acid, it-is necessary to testthe solvent periodically and change it when evidence of decomposition isindicated.

In additions to the hazards occasioned. by the decomposition of thetrichlorethylene, the vapors themselves are toxic in-concentration of a fewhundred parts per million, so that it is necessary to operate these unitsin a well-ventilated- location without drafts.

The solvent dissolves natural oils from the skin and is directly absorbedthrough the skin into the blood stream where it has adverse physiologicaleffects. The hands must never be put into the solvent vapors.

General Safety Equipment

Because &' the danger of fl ing chips, splashing acid, and other hazardsto the eyes existing in the extruding,machining, and canning areas, all per-sons entering these areas are requiredito wear side shield safety glasses.Safety shoes are also recom nded as a general safety precaution.
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CHAPTER I - NUCLEAR PHYSICS PRIMER

The Hanford product is formed by nuclear reactions.
knowledge of the elements of nuclear physics is essential
the process. This chapter will introduce the beginner to
of this subject.

Consequently, a
to understanding
the fundamentals

DCASSIFlED
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Structure of the Atom

The building blocks of matter are neutrons, protons, and electrons.
All of the atoms of matter are made up of suitable combinations of these
units. According to atomic theory, neutrons and protons form an assemblage,
called the nucleus, around which the electrons move in a miniature solar
system, Their orbits determined by electrical forces. The weight of the
neutron is very nearly equal to that of the proton, each having essentially
unit weight in the atomic scale. In comparison, the weight of the electron
is almost negligible. The proton and the electron are electrically charged
particles each having a unit amount of charge. The sign of the charge of the
proton is positive, and the electron negative. The neutron, however, as the
name implies, is electrically neutral. The mass and charge properties of
these particles are summarized as follows:-

Particle Charge Mass

Proton Positive 1

Neutron Zero 1

Electron Negative _ 1/1840

The electrical attraction between the positively charged protons of the
nucleus and the negatively charged electrons of the orbits holds the atom
together. In order to form an electrically neutral atom, the number of
protons, that is, the number of positive charges-in the nucleus, corresponds
to the "atomic number" of the atom. The total number of particles in the
nucleus, the sum of neutrons and protons, is called the "mass number". The
mass number is very nearly equal to the "atomic weight" of the atom because
the constituent protons and neutrons have approximately unit weight. In
nuclear physics the nucleus is expressed by a symbol which consists of the
chemical abbreviation for the element, with the atomic number as a subscript
and the mass number as a superscript. The arrangement of the symbol, with
examples,- is as follows:-

X Mass Number 1 1

Atomic Number mExamples: , 1H, 5B10 238

Schematic drawings of the structure of several atoms, indicating the

presented in Fig. 1.

- 103 --
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FIG. I

BORON BORON

THE NUCLEUS IS SHOWN
EXAGGERATED IN SIZE

RELATIVE TO ELECTRON ORBITS)

MWfENT: Hydrogen

Number of Protons:

Number of Neutrons:

Mass Number:

Atomic Number:

Symbol:

1

0

1

1

URANIUM

/O0

92 PROTONS
46 NEUTRONS

7 ORBITS CONTAINING A TOTAL OF
92 ELECTRONS

Boron

5

5

10

5B10

Boron

5

6

11

5

B"

Uranium

92

146

238

92

9,U 23 8

Structure of the Nucleus - Isotopes DECLASSIF lED
The number of electrons in a neutral atom determines the chemical

properties of the element. Because the number of protons is equal to the
number of electrons in an electrically nieutral atom, we can also say that the
number of protons in the nucleus determines the chemical properties of the
element. It is possible for nuclei of an element, all of which contain the
same number of protons, to have different numbers of associated neutrons.
These different specss of the element are called "isotopes" of the element.
Because the number of protons is exactly the same, the chemical properties of
isotopes are identical. Their separation by ordinary chemical procedures is
impossible because they act chemically as a unit.- To illustrate the differ-
ence in the structure of isotopes, two isotopes of boron are shown in Fig. 1.

- 104 -
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While there are over 90 different elements, there are more than 280 known
stable isotopes. The number per element is distributed in a very uneven
manner among these elements. The number-of stable isotopes per element is
determined by the rules that govern the stability of nuclei. In general no
nucleus is stable which has more protons than neutrons. The relative number
of neutrons to protons varies with the atomic number. The lighter elements
have nearly equal numbers of each while the heavier elements have many more
neutrons than protons.

Atomic and Nuclear Forces

The diameter of an atom is approximately 10,000 times as great as the
diameter of its nucleus. Because of this fact and the extreme smallness of
electrons, an atom is mostly empty space with minute electrons revolving
about an extremely dense nucleus. The magnitude of atomic dimensions is
illustrated in Fig. 2.

FIG. 2

-K
N

URANIUM N
ATOM

92238

4 NUCLE/1R DIAMETER- -1O'CENTIMETERS

ATOMIC DIAMETER"'IO CENTIMETERS DECLASS IFIEDI
The forces which act between the orbital electrons and the nucleus are

the familiar electrical forces of attraction between unlike charges and
repulsion between like charges. These forces act through long distances.
This type of force will not, however, explain the cohesiveness of a nucleus
which contains a number of positively charged massive protons, in a volume
only 10-12 times as large as the volume of the entire atom. These. nuclei are
held together by forces which are peculiar to nuclei; strong attractive
forces exist between similarly charged protons, between electrically neutral
neutrone, and between neutrons and protons within the nuclear volume.

- 103 -

1A



HW-10475-SEC. B

COPy NO. 6 3SERIES C

NUCLEAR REACTIONS

NUCLEAR REACTIONS

Artificial Transmutation

The first artificially induced nuclear transmutation was discovered
a little more than twenty years ago. In-this first nuclear reaction nitrogen
nuclei were bombarded with swiftly moving helium nuclei, or alpha particles
an they are called, from naturally radioactive elements. As alresult of the
bombardment, the nitrogen nucleus was -made to emit a high velodity proton.
The reaction presented schematically and according to conventional symbols
is as follows:-

FIG.3

ESCAPING
FAST

PROTON

HELIUM
NUCLEUS NITROGEN NUCLEUS NEW OXY N NUCLEUS

2 He 4 + 7 N4 i80l + PROTON (;HI)+ENERGY

A nuclear reaction between colliding nuclei generally becomes more
probable the higher the velocity of the bombarding particles. High veloci-
ties are required whenever it is necessary to overcome the repellent forces
which exist between charged projectiles and target nuclei. Most projectiles
consist of nuclei and therefore experience the repellent forces of the
similarly charged target nuclei. Neutrons, however, are electrically neutral
and are therefore very effective in entering nuclei. The helium nuclei used
in the above transmutation are emitted from their natural source with a speed
of about. 4 x 107 miles per hour. Even at this speed the yield from the
reaction is low. Recent advances in high voltage and electronic equipment
and techniques have made it possible to accelerate helium nuclei to very much
higher speeds with resultant larger yields. The cyclotron and the Van de
Graaff generator are the most popular of the many ingenious devices which
have been designed. By their use, other atomic projectiles with high
energies are obtained. Th se projectiles include protons ( 1W-) from ordinary
hydrogen and deuterons (1s ) from heavy hydrogen, in addition to alpha
particles from helium.

DECLASSIFIED
R 5/.5 - 106 -
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Mass and-Energy Relationships

The study of nuclear reactions is entirely parallel to the more familiarstudy oftchemical reactions. One meets such fundamental concepts as theequation of the reaction, and the process of balanoing of the equation withrespect Vo quantities which are conserved in the reaction, and the rates ofreaction.

Two different notations are common in expressing the equation Pf areaction. For example, the reaction between neutrons and boron (5B O) canbe written in the following two ways:-

B0+ ni- M7 + ae
5 +Li 7  + H + Energy

boron neutron lithium alpha particle

or

B10 (nCC) L17

(This reaction is called an n,a'reaction)

In every nuclear reaction the total number of particles, protons plusneutrons, is conserved. The total electrical charge is also conserved. Forexample, in the above reaction the balance is as follows:-

Left Side Right Side

Total number of neutrons and protons 10 + 1 7 + 4

Total charge 5+ 0 3 + 2

As in the case of chemical reactions, the energy balance of a nuclearreaction provides a measure of the ease with which the reaction can be madeto go. The reaction is exothermic or endothermic, by analogy with chemicalreactions, according to whether the energy of the reaction is positive ornegative._ In considering energy balances of nuclear reactions one meets avery striking equivalence between mass and energy which is not detected inchemical reactions because of the relatively small energies involved inchemical as compared with nuclear processes. Before describing this equiva-lence the _energy unit most commonly used in nuclear physics will be defined.
The energy unit of nuclear physics is the electron-volt abbreviatedev. The electron-volt is generally defined as the amount of energy whicha singly charged particle for example a proton or electron, has acquiredafter falling through a voltage differenceof one volt. The unit has

R 5/45 -107 L
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acquired this form because of the convenience of expressing the energy of
artificially accelerated atomic projectiles in terms of the voltage used to
accelerate them. This unit of energy is now universally used in nuclear
physics even when artificial acceleration is notinvolved. In many problems
the unit electron-volt is inconveniently small. For thIs reason the million-
electron-volt unit, abbreviated as Mev, and equal to 100 ev, is very often
used. The comparative size of the electron-volt and the more familiar units
of energy is presented in the following table:-

1 ev = 1.6 x 10-12- erg

1 Mev = 1.6 x 10- erg

" = 1.18 x io13 foot-pounds

" = 3.83 x 107 kg-cal

"t= 4.45 x 10-20 kilowatt-hours

Energy of thermal agitation of molecules is
approximately 1/40 ev.

Energy of alpha particles from naturally
radioactive elements is about 5 Mev.

Energy of fastest alpha particles accelerated
by cyclotron is about 25 Mev.

Energy released in the fission of a uranium
nucleus is 200 Mev.

The equivalence of mass and energy, referred to above, is a development
of the theory of relativity. It is expressed by the relation:-

Energy = Mass x (velocity of light)2

Where: Energy is expressed in ergs
Mass is expressed in grams
Velocity is expressed in cm/sec

Mass can be converted into energy and energy into mass. When mass
disappears in a nuclear reaction it appears as energy of the reaction. The
equivalence between energy in electron-volts and mass in atomic units is set
forth in the following relation:-

- 108 -
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One unit of atomic weight = 931 Mev

or

1 Mev = 0.00107 units of atomic weight

Energy equivalent of the mass of an electron = 0.51 Mev

As an example
will be dpplied to
The reaction is:-

of the use of the mass-energy equivalence relation, it
predict the energy release of the neutron-boron reaction.

P10 + On 1 (slow) = 3Li + 2 1e + Energy

We have:

Atomic Weights

Total

10.01605 + 1.00893

11.02498

7.01804 + 4.00389

11.02193

Difference 0.00305 units of atomic weight

Therefore, the predicted energy of reaction_ = 0.00305
0.00107 2.85 Mev

The predicted energy release of 2.85 Mev agrees with the experimentally
observedenergies of the product nuclei.

TYPES OF NUCLEAR REACTIONS

Methods of Reaction
DECLASSIF lED

The projectiles of nuclear physics are neutrons,' protons, deuterons and
alpha particles. These particles are also observed as products of nuclear
reactions. In addition the electron or beta particle is a very common
product of these processes. Because the electron is not one of the constit-
uent particles of nuclei, it is believed to be created in the course of a
nuclear reaction by the conversion of a neutron to a proton plus an electron.
In contrast to the other particles, electrons are not given off at the
instant of the initial reaction but are emitted over a longer period of time
in so-called radioactive processes.

Atomic projectiles can react with the nuclei of the bombarded element in
a variety of ways. The most important methods of reaction, excluding the
fission teaction which will be described later, are the following:-

- l09g
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1) Impact without capture of the incident particle.

a) Elastic impact -

b) Inelastic impact

2) Capture of the incident particle followed by emission of a nuclear
particle (e.g. proton, alpha particle or neutron).

3) Simple capture of the incident particle without particle emission.

The chance that a collision between a projectile and a nucleus will
result in any one of the types of reactions is expressed in terms of a
"cross section" of the nucleus. The cross section is defined as the
effective target area which each nucleus presents-to the oncoming projectile.
If the projectile strikes this area an interaction with the nucleus is
certain. The cross section can therefore be imagined as an opaque area
associated with each individual nucleus. This concept is illustrated in
Fig. 4.

FIG.4.

BOMBARDED

STREAM OF
INCIDENT PROJECTILES

S®=CROSS SECTION,OR TARGET
AREA OF NUCLEUS WHICH
IS OPAQUE TO INCIDENT
PARTICLES.

The fraction of the incident projectiles absorbed by the target nuclei
is equal to the fraction of the area which is opaque.

The principle features of the various mothods -of reaction will now be
described, using for purposes of illustration, reactions in which neutrons
are the projectiles. Reactions of neutrons with nuclei differ from reactions
with charged projectiles in that the electrically neutral neutron does not
experiencelthe repellent force of the charged nucleus. Consequently the
neutron reaches and enters the nucleus with greater ease. However, this ease
of penetration does not have particular effect on the sequence or types of

- 110 -
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events which occur after entrance into the nucleus.

Impact without Capture

a) Elastic impact

FIG. 5

INCIDENT NEUTROND L I

EXAMPLE:

REBOUNDING NEUTRON

CARBON 61

In elastic impact the total kinetic energy of the neutron and the strucknucleus is conserved. In this respect the collision is similar to that
between perfectly elastic spheres. Upon each collision, the neutron gives upa fraction of its energy to the nucleus which it strikes. The lighter thisnucleus the greater the fractional energy lose per collision. In collisionswith ordinary hydrogen, for example, the neutron loses on the average about60% of its energy per collision. In collisions with carbon nuclei, theneutron loses on the average about 15% of its energy per collision. The lossof energy by 2 14ev neutrons, upon successive collisions with carbon nuclei,is illustrated in the followiig table:-

No. of collisions 0 20 40 6o 80 100 11

Energy (ev) 9xo6  9xlo4 4xno 3  2xl02  6.6 0.26 0.025
(a Hey) (thermal)

The enormous range of neutron velocities calls for descriptive terms.Neutrons which have just been emitted by nuclei have energies of the orderof several Mev and are called "fast neutrons". Fast neutrons can scatterinelastically and can produce n,p and nc reactions. Neutrons which havebeen slowed into the, range of a few units or tens of electron volts are

R 5/45 1
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called "slow neutrons". Slow neutrons are characterized by the phenomenon
of resonance absorption, according to which neutrons in a narrow energy band
are very strongly absorbed by certain nuclei. Neutrons which have been slowed
down by successive impacts to energies approximating the energy of ordinary
thermal agitation, equal to about 0.025 ev, are called "thermal neutrons".
Thermal neutrons are scattered elastically and are .fairly easily absorbed or
"captured" by most nuclei by way of the n,y reaction. It can be seen from
the foregoing table that, on the average, over 100 collisions with carbon
nuclei are required to make a thermal neutron from a 2 Hev fast neutron.

b) Inelastic impact

FIG. 6

FAST
NEUTRON

REBOUNDING(
NEUTRON

cp8
92U 23U

URANIUM

GAMMA RAY

192 PROTONS
146 NEUTRONS

ram

In an inelastic impact the structure of the bombarded nucleus is
sufficiently disturbed so that the excited nucleus emits a radiation to
dispose of the energy which it acquired in the collision. The radiation has
the form of a ray having wave properties similar to those of x-rays. It is
called a "gamma ray". Gamma rays behave as if they were particles without
mass which have energies proportional to the frequency of the wave radiation.
Their energy is usually of the order of several Mev. The emission of gamma
rays is a common way for an excited nucleus to dispose of its excess internal
energy. The chance that a neutron will make an inelastic collision with a
nucleus is hardly ever greater than the chance that it will make an elastic
collision.
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Cpure of Incident Particle with Eission of a Particle

FIG. 7

A PROTON IS EMITTED
(Itp REACTION)

NEUTRON

NITROGEN

ESCAPING
PROTON

CAR4ON

01 + 74 V 6 4 + IN (PROTON ) + ENERGY

FAST NEUTRON

AN ALPHA PARTICLE
IS EMITTED \

(T1,0 REACTION)

ALUMINUM

ESCAPING
ALPHA PARTICLE

SODIUM

I + 13 A 2 7  II24+ 2 H: (ALPHA-PARTICLE)+ ENERGY

The principal particles emitted in nuclear reactions are Protons, alphaparticles, beta particles or electrons, and neutrons. In addition, nuclearreactions generally result in gania ray emission. The above reactionsillustrate those which eject protons and alpha particles upon neutron ban-bardment. Reactions in which an incident neutron causes the ejection of twoneutrons are also known.

The ease with which a charged particle is ejected depends upon the sizeof the charge of the target nucleus. With increasing charge the emissionbecomes more difficult. The difficulty arises from the nature of thecohesive forces of the nucleus which seem to become greater as the nuclearcharge is increased. In fact, for the heaviest elements the fastest avail-able neutrons are not effective in producing this type of reaction. Incontrast to the behavior of the very heavy nuclei, several of the very lightelements, for example boron, eject charged particles upon irradiation withneutrons having but thermal energies. This behavior of boron upon slowneutron bombardment Is the basis for the use of boron in thermal neutrondetectors.

DECLAhSSIFI1ED

R 9 /4.
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Simple Capture without Emission of a Particle

FIG. 8

GAMMA
RAY

NEUTRON

A GAMMA RAY IS
EMITTED (n1 REACTION) \

ALUMINUM ALUMINUM

oI +1A A1 13 AI 28+ GAMMA RAY /)

Simple capture is the most common process resulting from neutron

bombardment. In this process the incident neutron is absorbed and a gamma

ray is emitted. Capture of the neutron results in the formation of an

isotope of the target element. Whether this product nucleus is stable can

be predicted by examination of the list of stable isotopes of the target

element.-Aluminum, which is the target in the above reaction, does not have

a stableisotope of mass number 28. The product nucleus, 1A128, is unstable

and gives off energy until stability is attained. In this case the energy is

carried off by beta particles and gamma rays. This is an instance of arti-

ficially induced radioactivity. The unstable nucleus will tend to acquire

stability by a process known as "radioactive decay".

The chance for simple capture is in general very much greater for slow

neutron's than for fast neutrons. This greater chance results from the longer

time which a slowly moving neutronpspends in the vibinity of the absorbing

nucleus. Because slow neutrons are quite readily captured, they have been

found to-be the most effective projectiles for use in the quantity production

of artificially radioactive materials.

Absorption of Neutrons

Slow neutrons are generally absorbed more readily than fast neutrons.

Stated in other words, the neutron absorption cross section is generally

greater for slow neutrons than for fast neutrons. In many elements, notably

boron, the dependence of cross section on neutron velocity is very regular.

As the velocity is decreased the nuclear cross section increases in a uniform

manner, seemingly without bounds as the velocity is decreased further and

further. For these elements the cross section of the nucleus varies

- 114 - a_
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inversely as the velocity of the oncoming neutron. Many elements like
Indium, cadmium and uranium do not exhibit uniformly increasing cross
sections as the neutron velocity is decreased. For these elements the
absorption is particularly strong at certain energy levels which are charac-
teristic of the element. This strong capture of- neutrons of certain energies
is. known as "resonance capture". The dependence-of cross section on neutron
velocity for the two types of absorption is illustrated in Fig. 9.

FIG. 9

.a-

.6.-

CAPTURE CROSS'
SECTION

(ARBITRARY UNITS)'

.4 -

VARIATION OF CROSS SECTION
WITH NEUTRON ENERGY

as RESONANCE PEAK

\ DECLASSIFIED
CROSS SECTION VARIES AS

NEUTRON
VELOCITY

AS IN CASE OF BORON

AS IN CASE OF INDIUM

2 3
NEUTRON ENERGY (eli)

4 I

)Resonance capture by indium occurs at 1.44 ev, for uranium in the region
of 25 ev. Cadmium owes its usefulness in nuclear physics to the fact that
its resonance capture region correspoiids to the energy of thermal neutrons
and cadmium car therefore, be used to remove these neutrons from a bean
which contains both fast and thermal neutrons. A complete table of neutron
absorption cross sectionq will be found at the end of this chapter.

- 115 - a
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RADIOACTIVITY

Unstable Niuclei

Nuclei are composed entirely of neutrons and protons. In stable nuclei
the ratio of.the number of neutrons to the number of protons falls in a
fairly well defined but rather narrow range of values. If for some reason
the ratio falls outside of this range the nucleus is unstable. Nuclear
reactions involve changing the composition of nuclei. Very frequently the

product nucleus is unstable. An unstable nucleus is said to be "radioactive".

It will tend to adjust its neutron-proton ratio with energy emission to

acquire stability by a process called "radioactive decay". The time consumed

in the adjustment process may vary from fractions of seconds to millions of

years.

An unstable nucleus adjusts its neutron to proton ratio by changing a

neutron to a proton or a proton to a neutron, according to which change
results ina more satisfactory neutron-proton ratio. A neutron is electri-

cally neutral; this results from the fact that it contains equal quantities
of positive and negative charge. A neutron conve'ts itself into a proton by
ejecting its negative charge in the foxnm of an electron, also called a beta

particle. _Because of the extremely small mass of-the electron a significant

change in mass does not result. A proton converts itself into a neutron by
ejecting Its positive charge, as a particle having the same mass as the

electron blut a positive charge. 'This particle is-called a "positron". The

vast majority of known radioactive atoms are electron, instead of positron,
emitters. The emission of electrons or positrons from radioactive substances

is usually accompanied by emission of gamma rays.

Radioactive Decay DICU SS IFIED

In the process of acquiring stAbility most radioactive materials emit
either electrons or positrons. However, many of the naturally radioactive,

and some of the artificially radioactive, elements emit alpha particles.
Some nuclei are capable of emitting either electrons or alpha particles.
The rate at which these particles are emitted is known as the "activity" of
the material; when the rate is high, the activity is said to be high and vice

versa. Each radioactive species has a characteristic rate at which its

activity decreases. The rate of decay is usually expressed in terms of the

time required for the activity to halve itself. This time is called the
"half-life" of the species. Half-lives of artificially radioactive species

range from seconds to years. The half-life can be readily computed from a
plot of the activity versus decay time; he resultant curve is called a

"decay curve". The decay curve of Inll , which has a half-life of 54
minutes, is shown in Fig. 10.

In this figure a logarithmic scale is used along the ordinate. The use

of such a scale makes the curve become a straight line; this usually assists
in the analysis of the decay. The rate of decay, or activity, of a radio-

active substance can be expressed by the relation:-

- 116 - a
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-- --- hal--lfe

Activity = initial activity 
- =

where e = base of natural logarithms 2.718

t = decay time

The activity of a radioactive material is epress6d in terms of the

nmber of disintegrations of its atoms which cot each second- 'When the

number of &isintegrations per second 
is equal toi3 7 100 the sample

said to have one "curie" Of activity.

FI G. 10 BECLSSIV lED
DECAY CURVE OF4 91f

10 --- -
.9,
.8

-7 INITIAL ACTIVITY 115 I )
.6 FORMATION' 49 n fCSL0W)-4IF
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T E
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INITI(M 
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Growth of Activity

When a sample is 
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a te activity increases
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inductance; or as the voltage increases across a condenser upon application
of voltage. A growth curve is illustrated in Fig._ 11. This figure also
shows the decay of activity after the irradiation is stopped.

FIG. 1\

1.0.

.6.

ACTIVITY
.4 -

GROWTH
CURVE

.-- - .~ - -- -- -ACTIVITY WHICH WOULD RESULT
FROM INFINITELY LONG IRRADIATION,
OR O SATURATED ACTIVITY.

DECAY CURVE DECLASSIFIED

END OF
RRADIATION --

2 4
TIME

6 6

The level to which the activity rises with extended irradiation depends
upon the cross section and the half-life of the element, assuming that equal
numbers of atana are present. The growth curve can be represented by the
relation: -=

o.69 t
Activity = saturated activity x (1 - e- hal-1ife)

where e =
t =

base of natural logarithms = 2.718
irradiation time

The saturated activity is the activity which the material would acquire
after infinite time of irradiation. This activity is proportional to the
cross section of the nuclei irradiated, as well as to the number of projec-
tiles which strike the target material per unit tine. Practically, saturated
activity can be reached in a finite time equivalent to about four half-lives.
Irradiation beyond this time does not result in a sensibly increased activity.
The determination of the saturated activity, therefore, proiides a convenient
way of determining the number of projectiles striking a given area per unit
time.
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In most cases more than one element is present in the irradiated
substance. In these cases irradiation results in a complex growth and decay
curve. In many cases the radioactive nucleus does not acquire stability with
the emission of a single electron. This situation gives rise to a so-called
"radioactive series" in which a succession of radioactive nuclei is formed,
each with its characteristic half-life.

NUCLEM FISSION DECLASSIFED

Liquid Drop Model

A reaction which results in the splitting of -a nucleus into two approxi-
mately equdl parts is called a fission reaction. The most important fission
is that of-the uranium nucleus. In this reaction the uranium captures a
neutron and inediately splits into two new nuclei. These new nuclei belong
to elements in the middle of the atomic series. The importance and great
value of this reaction results from two of its features. First, each fission
is accompanied by the largest energy release yet obtained from a nuclear
reaction. Second, the fission reaction releases neutrons in amounts suffi-
cient to make the fission reaction self-sustaining when the conditions are
properly controlled. The reactants and products of fission can be presented
in the form:-

(two new nuclei
Uranium nucleus + single neutron - z (several free neutrons

(large amount of energy

In the fission process the uranium nucleus behaves like a liquid drop
of iatter. The attractive nuclear forces act in the same manner as surface
tension of a drop of water. In opposition to the surface tension are the
repellent forces of the 92 similarly charged protons of the nucleus. As one
proceeds upward in the atomic scale, the balance between these two opposed
forces in favor of stability -of the nucleus becomes smaller as the mass
number of the nucleus, and consequently the volume of the nuclear 4rop, is
increased. - The shape of the drop is normally spherical because this is the
most stable shape. Entrance of a neutron sets the drop into vibration. The
sequence of events which follow are illustrated in Fig. 12. It is seen that
the oscillations may distort the droplet into an unstable dumbell shape with
the end masses approximately equal. Fracture occurs with the formation of
two new nuclei and the emission of neutrons.
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FIG.12
FISSION OF URANIUM

URANIUM NUCLEUS IN
RMAL SPHERICAL SHAPE
TURES A NEUTRON.

4

HE ENERGY IMPARTED 5.
THE NUCLEUS APPEARS ((tsp IMOTION OF THE ENTIRE -PLET.

VARIATIONS IN OSCILLATIONS
RESULT IN UNEQUAL DISTRIBUTION
OF MASS , ELECTRICAL REPULSION
ACTS To PUSH ENDS FARTHERAPART.

FRACTURE OCCURS RESULTING
IN TWO FISSION FRAGMENTS.

5.
VIOLENT OSCILLATIONS

MAY DRAW THE DROPLET
INTO A DUMBELL SHAPE.

6 I

0
THE FRAGMENTS ATTEMPT TO

ACQUIRE STABILITY BY EMISSION
OF NEUTRONS.

Fission Fragments

Although the fission fragnents have very roughly the same masses, their
weights actually fall into either of two rather distinct mass ranges. The
two mass ranges are presented_ in the following Fig. 13.

FIG. 13

SLIGHT

HEAVY(A2

flE SSIFIED

RANGE IN ATOMIC WEIGHT 83 TO 96, INCLUSIVE
1 1. t NUMBER 35 TO 45, "

RANGE IN ATOMIC WEIGHT 127 TO 141 INCLUSIVE
NUMBER 51 TO 60 "

LIGHT" GROUP

HEAVY" GROUP

INCLUDES BROMINE, KRYPTON, RUBIDIUM,.. TO RHODIUMINCLUSIVE
INCLUDES ANTIMONY,TELLURIUM,IODINE.--. TO NEODYMIUM INCLUSIVE
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At the instant of fracture the highly excited nuclear fragments have
sufficient energy to eject neutrons. Consider the typical reaction:-

U2 3 5 + Oni(slow) 392U23 36Kr94 + 50al12 =..........

highly excited highly excited

On the average, between two and three fast neutrons are emitted by the
excited nuclei immediately on fission. The emission of these several
neutrons for the single neutron captured makes self-sustained fission
possible. We have then:-

K + Ba42 + BJal + 3 + Energy

Unstable Unstable

As indicated in the equation, the products are unstable. This results
from the unsatisfactory neutron to proton ratio of these nuclei. The
unstable krypton and barium nuclei will decay radioactively with beta ray
emission, resulting in conversion of neutrons to protons, in a so-called
"fission chain". The decay will continue from element to element until a
stable isotope of the same mass number as the original unstable nucleus is
reached. For example, the above unstable nuclei will decay with beta and
gemma emission in the following possible fissionchain:-

13r /3-9

Kr-9 .- Rb - Sr -- y 40Zr9 2 (stable)

56 akl 143- La 1- Ce Prll (stable)

Energy Release JECLASSIFIED
The tremendous energy released in the fission process may make the

reaction important as a practical source of atomic energy. The energy which
is releafTed arises from the excess mass of the original uranium nucleus and
neutron over that of the final stable products, in accordance with the mass-
energy equivalence. An estimate of the magnitude of the energy released per
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fission can be obtained by considering the reaction already 
referred to:-

(fission and neutron

U23 5 + 1U- emission followed by
92 On decay to stable products)

-a-Zr9 2 + 5 pr 141 + 30 ni

To compute the amount of mass which is converted to

ence in the sums of the atomic weights is obtained.

Atomic Weight of Original Particles

energy, the differ-

Atomic Weight of Final Particles

235.1240

1.0089

236.1329

Mass difference

PrIki
59

nl(5)

91.9420

140.9590

3.0267

235.9277

n 0.205 -units

Eniorgy released per fission 0.205
0.00107

(0.00107 mass unit = 1 Mev)

];90 Met

DECASSIFIED
The estimated energy release is close to the accepted average release

of 200 Mev per fission. Most of the energy appears as energy of motion of

the large fission fragments. This energy is dissipated by heating of the

stopping materials. The remainder of the energy-appears as energy of the

gamma rays, beta particles and neutrons which accompany the process. The

distribution of the energy among the various particles is as follows:-

Kinetic energy of fission fragments
Gamma radiation fra fission products
Beta radiation from fission products
Kinetic energy of neutrons

Total

- 122 -
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An interesting and important feature in the decay of the fission
products is that, in the case of several of these products, the decay pro-
ceeds with emission of neutrons. Bromine and iodine have been identified as
the source of two of the neutron activities. At least two other activities
are present but their sources have not been identified. Neutron emission
arises in those cases in which the excess energy of a nucleus is so great
that the excess cannot be dissipated quickly enough by beta or gamae emission
alone. The neutrons which are emitted in this fashion are called "delayed
neutrons". The growth and decay of delayed neutron activity is very similar
to that of beta activity.

IETECTION OF NUCLEAR RADIATIONS

Ionization and Particle Range

The detection of nuclear particles is usually accomplished by detection
of the ionization which they produce. Ionization is the process by which
moving, charged particles dislodge electrons from the atoms of the material
through which they pass. Removal of the electron from a neutral atom leaves
a relatively massive positive ion. The detection of these ions and free
electrons by electrical means constitutes the detection of the particle. The
alpha particle and proton ionize very strongly, the electron and positron
weakly. The electrically neutral neutron and the gamma ray produce little
ionization. Their detection depends principally on the measurement of
ionization produced by secondary effects, caused by reactions of the radia-
tion with atomic electrons.

FIG. 14 DECLASSIFIED
IONIZATION

-OZING
PARTICLE

'NEUTRA/

-NI-NG-.ELECTRON&

CHARGED
PARTICLE ELECTRONS

POSITIVE ION(+)

The alpha particle and proton have well defined paths in matter and
possess a definite range, or length of travel through the matter, which is
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proportional to their initial energies. These particles lose their energy
entirely by ionization.

Electrons also lose their energy by ionization, but at a slower rate
than protons or alpha particles of the same energy. Their ranges are conse-
quentiy very much longer. Because of the light weight of electrons, they are
easily deflected by nuclei with the result that their range is not as
definite as for the heavier particles.

Neutrons do not ionize directly. They produce ionization by trans-
ferring their energy to the nuclei which they strike. These moving, charged
nuclei produce the ionization which is detected. Because of their neutral
charge, neutrons lose their energy at a low rate and are therefore extremely
penetrating as compared with charged particles.

Geama rays lose energy by collision with free electrons, by ejecting
electrons out of atoms and by an unusual process whereby the energy of the
ray is converted into two particles, an electron and a positron. This latter
process is called "pair formation".

Detection DECLASSIFIED
The simplest detector of ionization by the nuclear radiations is the

Lauritsen electroscope. In principle it is the same as the gold-leaf electro-
scope in which the presence of charge on the leaves is indicated by their
separation. Deflection of the leaves indicates the presence of ionization;
The rate of deflection is a measure of the intensity of the ionizing radia-
tion. The Lauritsen electroscope has been made very sensitive by the
substitution of a very fine, metallized, quartz fiber for the heavy leaf.

For the detection of a very small number of particles or for more
precise measurement of beta or gamma ray intensities, the Geiger-Mueller tube
counter is used. The tube counter is used in conjunction with an electronic
amplifier and recording counting unit. Cumulative ionization in the counting
tube results in sharp current pulses upon passage of single particles through
the tube gas. These pulses are amplified and recorded by the accessory
equipment.

Neutrons, having no charge, produce no direct effects in electrical
counting instruments. They are detected by their secondary effects. A
common method is to cause them to eject alpha particles from boron. The
ionization by the resultant alpha particle is relatively easy to detect and
measure. Another important method for the detection of neutrons involves the
measuremerI of the activity induced in'a suitable detecting foil by the
neutrons being measured. The electron emission of the activated foil is
measured by means of a Geiger-Mueller tube counter or the Lauritsen electro-
scope.

The detection of gamma rays depends upon recording the ionization
produced by the secondary electrons which the gamma rays eject from the walls
of the detecting chamber. Because the ionizing particles are electrons, the
sane detection instruments, for example, the Lauritsen electroscope or the
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Geiger tube counter can be used as in the case of beta particles. If the
walls of the detecting chamber are made fairly thick and of a heavy element,
the probability of ejection of secondary electrons from the walls is greater
and, therefore) the efficiency of detection is improved.

Detection equipment and techniques are described in greater detail in
the instrument section of the manual (Section IV).

The physiological effects of radiation arise from their ionizing
ability. Because of their greater penetratirig power, fast neutrons and gamma
rays present the greatest hazard to the body tissue of the worker. However,
the effect on surface tissue of the less penetrating beta particles must not
be minimized. The potential hazards and methods of protecting against them

are described in Chapter XII.

DECLASSIFIED
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TABLE I

SLOW NEUTRON CROSS SECTIONS

Absorption
CI'oss Section (kt)

cm2 x 10-24

0.325
0.0009
0

90
0.01

700
0.0045
1.75
O.ooi6
0.065

0.5
O.4
0.24
0.25

Atomic
Number

1~1
2
3
4

5
6
7
8
9

10
11
12
13
14

Element

H
D
He
Li
Be

B
C
N
0
P

NO
Na
Mg
Al
Si

- 126

an

-m

Atomic
Weight

1.0080
2
4.003
6.940
9.02

10.82
12.01
14.008
16.ooo
19.000

20 .183
22-997
24.32
26.97
28.06

30.98
32.06
35.457
39-944
39.096

40.08
45.10
47.90
50.95
52.01

54.93
55.85
58.94
58.69
63.57

65.38
69.72
72.60
74.91
78.96

79.916
83.7
85.48
87.63
88.92

15
16
17
18
19

20
21
22
23
24

25
26
27
28
29

30
31
32
33
54

36
37
38
39

1.25

5.6
16

6.5

1.5

P
S
01
A
K

Ca
Sc
Ti
it
or

Fe
Co
Ni
Cu

Zn
Ga
Ge
As
Se

Br
Kr
Rb
Sr
y

0.31
0.53

33
o.62
2.2

0.43

5.2
'9
3.0

13.3
2.5

33
4.4
4

*QZ.3.
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TABLE I
( Con-t. 2)

Absorption
Cross Section (kt)

cm x 10~2
Atomic
Nunber

4o
41
42
43
44

45
46
47

-48
49

50
51
52
53
54

55
-56
57
58
59
6o
61
62
63
64

65
66
67
68
69

70
71
72
73
74

Element

Zr
Ob

Mo
Ma
Ru

Ph

Ag
Cd
In

Sn
Sb
Te
I
Xe

Cs
Ba
La
Ce
Pr

Nd_
(Ii)
Sm
Eu
Gd

Tb
Dy
Ho

TM

Yb
Lu
Hf
Ta
w

Note: - Abbreviation for less than
C, - Abbreviation for approximately

- 127 -

-S
Atomic
Weight

91.22
92.91
95-95

101.7

102.91
loG6.7
107.880
112.41
114-76

n28.70
121.76
127.61
126.92
131.3

132.91
137.36
138.92-
140.13
140.92

144.27
(146)
150.43
152.0
156.9

159.2
162.46
164.94
167.2
169.4

173.04
174.99
178.6
180.88
183.92

186.31
190.2
193.1
195.23
197.2

75
76
77
78
79

< 0.45
2.0
3.1

182
9

78

220

0.69
6.9
5.0
7.8

1.25
12

t- 90

-
-'-,260

130

--

~65

195
130

t-20

26
130

20

400
10.8

110

Re
Os
Ir
pt
Au

C"-:
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(can't. 3)
Absorption
Cross Section (kt)

CM2 X 10-L

425
2.9
0.17
0.02

Atomic
ifumber

- 80
81
82
83
84

85
86
87
88
89

90
91
92

DECLASSIFIED

- 128 -
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Element

Hg
Tl-
Pb
Bi
Po

En

Ra
Ac

Th
Pa
U

Atomic
Weight

200.61
204.39
207.21
209.00

(210)

(221)
222

(224)
226.05

(227)

232.12
231
238.07

9

7.8
(4.6 fission)
(3.2 capture)
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mass equivalence, 107
fission, 122
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Ionization, 123
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Mass energy relationship, 107
Mass number, 103
Mev, 108
Neutron, 103, 110

absorption of, 114
ionization by, 124
slowing down, 111
slow vs. fast, 111
reactions of, 110
capture cross section, 126
delayed, 123

Nuclear particles, 103, 109
detectidn of, 124'

Nuclear reactions,types of, 109
Nucleus, 103

size of, 105
stability of, 105, 116
liquid drop model, 119
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INTRODUCTION

lNFORD ENGINEER WREK TECHNICAL MANUAL

SECTION B - PILE

CHAPTER II - PHYSICAL PRINCIPLES OF THE PROCESS

The aim of the Hanford process is the production of 49 in quantity, in
a minimum of time. This product is synthesized from uranium by controlled
nuclear riactions.. The principles involved in the nuclear synthesis are
described in this chapter.
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DESCRIPTION OF THE REACTIONS

Fundamental Nuclear Reactions

Product is formed from uranium by nuclear reactions involving the two
principal isotopes of this metal. These isotopes and their relative abund-
abundance are:-.

Isotope Abundance Relative Abundance

2 U2 3 8  99.28%

923 0.71% 1/139

The isotope 92U234 which is present to the extent of 0.006% in natural
uranium is not important in the Hanford process.

The fundamental reactions of the process involve capture of neutrons by
92u238 and-92U235. However, the nuclear reactions which are initiated by
neutron capture by these isotopes are entirely different. This difference inbehavior of 92U238 and 9 2U235 upon neutron capture is the basis of the
-Hanford process.

Capture of a neutron by 92U238 leads to the formation of product. Theinitial reaction is one of simple capture in which an unstable isotope ofuranium is formed and a gamma ray is emitted. The reaction can be written:-

92U238 + On - U2 3 9 + gAmm ray
(unstable)

The unstable 92U239 decays radioactively with beta particle emission,thereby forming an element with an atomic number one greater. The decay,which proceeds with a half-life of 23 minutes, can be written:-

92U 2 39 + beta particle
2s ) half-life - 23 min. (93(unstable)tale

The product of the decay is an unstable isotope of neptunium (chemicalsymbol Np). Neptunium, like lutonium, is a recently discovered transuranicelement. The decay of 9 3Np 23 ' results in the formation of product, 49.This decay, which proceeds with a half-life of 2.3 days, is described by the
reaction:-

- 203 -
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half-life = 2.3 days
._ p u M + beta particle + gama rays

The nuclear processes which are initiated by the capture of neutrons by92U238 and result in the formation of plutonium are summarized schematicallyIn Fig. 1.

neutron

FIG. I
CONVERSION OF URANIUM

TO PLUTONIUM

Product

9238

92 DECAlSSIFIED
92u239

23 min. half-life

93 239 3 ml

2.3 day half-life

Pu2 3 9

Capture of a neutron by 92U235 results in the fission of this nucleus.The value of this fission reaction to the over-all process lies in the factthat it provides a source of neutrons for the synthesis reaction justdescribed. In the fission reaction a single initiating neutron causes therelease of several neutrons. The reaction, therefore, acts as a neutronultiplier or source. Other products of the fission of 2U235 are two newlyformed nuclei, known as fission fragments, and a tremendous amount of energy.The fission reaction, which is described in greater detail in Chapter I, canbe presented as follows:-

- 204 -
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DECLASSIFIEDBy-products of the Reactions

The principal by-products of the above synthesis arise from the fission
prodess. ' The by-products of this reaction are the extremely radioactive
fission fragments and a very large amount of energy per fission. The
presence 6f the active fission products creates problems in handling and
shielding against their radiations besides complicating the chemical separa-
tion of product. Some of the active fission products also give rise to
delayed neutrons, the presence of which tends to complicate the control of
the reaction rate in the operating units.

The tremendous energy release, which is the other by-product of the
fission reaction, creates great problems in heat dissipation and consequently
dictates to a considerable extent the design of the reacting units. When a
single Hanford unit is producing product at its rated capacity, heat equiva-
lent to that obtainable from the burning of 900 tons of high quality coal is
released in a single day's operation. The energy released daily by each pile
is greater than the daily power output of a large power plant. Unfortunately
this liberated energy must be completely was ed in the Hanford operation.

Dependence of Reactions on Neutron Energies

The ieactions of 92U238 and 92U235 are initiated most effectively by
neutrons bf certain definite 'energies. In other words, the cross sections
of these nuclei are greater for neutrons having these energies In fact,
the cross section of 92U238 for capture of nea rons is greater for neutrons
of two different energies. One is in the ne gh-orhood of 25 er where
resonance capture occurs; the other is at the thermal level, about .025 ev,
where capture also occurs. The capture by 92U238 of neutrons of other

- 205 - a

Fission of 92.235

1 + n 1 A + B + 2.2 (average) fast neutrons + energy

A fission fragment in atomic mass range 83-99, inclusive,
and atomic number range 35-45, inclusive.

B fisasion fragment in atomic mass range 127-141, inclusive,
and atomic number range 51- 6o, inclusive.

Energy release per fission = 200 Mav

Average energy of liberated neutrons 2 Mev
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energies is very much less probable. Likewise, the fission of 92U235 is
precipitated most effectively by neutrons of preferred energy. The cross
section of 92U235 for fission is small except for the very slowest neutrons
(thermal neutrons). The chance that a fission of 920235 will be initiated
by a neutron of other than thermal energies is relatively small. The
neutrons required for these reactions with 92!U238 and 92U235 are themselves
emitted as fast neutrons during the fission of 92u235. Therefore, to be
effective i producing capture and fission reactions in other nuclei, these
fast neutrob -must be slowed down from their initial energy of about 2 Mev
to resonance and thermal energies.

Another instance of the chance of a reaction being dependent upon the
neutron energy is provided by the fission of 92U238. This fission, which is
of secondary importance to the general process, is initiated only by neutrons
having energies greater than 1 Mev. The "fast fission" of 9 2U2Z makes only
a small contribution, about 5%, to the neutron suppl. The remainder of the
neutrons are provided by the thermal fission of 92U235. The contribution is
small becau-e the fast neutrons are quickly reduced to energies less than
1 Mev, by inelastic collisions with the uranium nuclei near their point of
origin.

Slowing Down of Neutrons

Fast neutrons are slowed down in velocity by sending them into a medium
which has a low atomic weight and a low neutron capture cross section. In
this medium the neutrons lose their energy by elastic collisions with the
nuclei. The lower the atomic weight of this moderating medium the larger
will be the fractional loss of energy by the neutrons per collision, with the
result that a smaller number of collisions will reduce the neutrons to the
required low velocity. Helium gas or simple compounds of heavy hydrogen
would make excellent moderators except for the difficulty attendant to their
handling and procurement. The best substance to use from the standpoint of
imMediate availability in large quantities, good mechanical strength and
workability is carbon in the form of graphite. For this reason graphite has
been selected as the moderating medium for the Hanford units.

Inter-relation of the Reactions

The fundamental nuclear processes and the associated slowing'down
procedure have been described. By way of summary, the inter-relation of the
two fundamental reactions and the relation of the neutron slowing down process
and by-product formation are illustrated schematically in Fig. 2.

S-_
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FIG. 2

Fission
Heat jProducts

FUNDAMENTAL REACTIONS

OF THE PROCESS

Fast
Neutrons

Slowing
Medium

retons 9_U3

23 min. half-life

933

2.3 day half-life

Product
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CHAIN REACTION

Reguirements of a Chain Reaction

2ranemutation of uranium into plutonium on a large scale requires a
continuous supply of a large numb gr of free neutrons. These neutrons are
obtained from the fission of 9 2U2 )5 . As has already been explained, the
reaction acts as a multiplier of neutrons, since it releases several fast
neutrons for the single thermal neutron captured per fissi a. These fast
neutrons must be moderated in velocity for capture by 9 2U2  to form product,
or b 92U235 to cause its fission. When the conditions are so adjusted that
92j58 absorbs a fraction of the moderated neutrons and still leaves at least
one of the new fission neutrons to continue the fission of more 9 0235, and
thus complete the cycle, a "chain reactiodi" is said to exist. Wen more than
one neutron becomes available to continue the fission in each neutron cycle
or generation, the reaction will not only maintain itself but will accelerate
at a rate which depends on how many neutrons in excess of one are available
to continue the chain.

Chain Reaction in the Pile DECLAS iriro
The chain reaction is carried out in a structure called a "pile" whichconsists essentially of uranium metal interspersed in graphite which acts as

the moderating medium. This pile has been carefully designed to minimize
losses of neutrons and at the same time to permit thermal neutrons, slowed
down by the graphite, to re-enter the uranium and Initiate further fission
of 92u1235.-Losses in the slowing down interval can occur in the following
principal ways:-

1) A neutron can diffuse out of the pile while either fast or slow and
thereby 'become lost to the fission process. The neutrons in a pile
behave as a gas and obey the same laws of diffusion.

2) A neutron can be captured by the nuclei of the materials of the pile,
other than the .uranium. The materials of the neutron moderating and
heat removal systems are principally responsible for this parasitic
capture.

3) A neutron can be captured by 9 029t 8 while at resonance or thermal
energies. This capture, although it leads to product formation,
resiults in loss of neutrons to the fission process.

When more than one neutron per fission becomes available to continue
further fission the number of neutrons in a pile increases exponentially,
that is, it-increases by a definite factor for each unit time interval.
This ability of a pile to increase the number of free neutrons within it by
multiplication, generation by generation, is called its "reactivity". To
obtain maximum reactivity, that is the largest multiplying ability, from a
pile the losses during the slowing down process must be minimized.

The escape of neutrons to the outside of a pile can be reduced by

208-
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increasing the size of the pile. The capture of neutrons by the moderating
and cooling substances can be kept at a minimum by selection of pure
materials having low neutron capture cross sections..

The loss of neutrons to 92UJ238 occurs for neutrons of resonance and
thermal energies. Because of the intimate mixture of 92u238 and 92U235 in
the metal, and the fact that 92U235 requires thermal neutrons to continue
fission, the capture of thermal neutrons by 92U238 cannot be modified without
affecting the absorption by 92U235. Capture of resonance neutrons by 92U238
can, however, be controlled without affecting the fission absorption. If
metal is finely interspersed throughout the graphite, the losses to resonance
capture by 92U238 will be large because of the greater chance for a neutron
of this energy to strike the uranium surface. The chance is greater due to
the large amount of exposed surface. However, the amount of the surface, and
therefore of the resonance capture, can be reduced to a satisfactory level by
charging the metal into the pile as rods arranged to form a lattice. The
spacing between the metal rods is so chosen that a fast neutron, just ejected
from the metal rod as a result of fission, can travel far enough into the
graphite so that its chance of striking a uranium rod while at resonance
energies, and therefore of being captured, is less than its chance of being
slowed downthrough the resonance region without capture. Thus, the lattice
arrangement, in effect, shields the neutrons from resonance capture by 92U238.

In the design of the lattice, the spacing of the metal in the graphite
and the relative amounts of metal and graphite are critical. This is because
metal to metal spacing which is too short leads to larger loss of neutrons of
resonance energies, while excessively long spacing allows greater chance of
capture of the neutrons by the graphite before it reaches a uranium surface.

The existence of a chain-reacting condition in a pile thus depends upon
a rather delicate balance between neutron gain and loss. Therefore, very
detailed quantitative consideration of all the methods of neutron lose is
necessary in designing a pile. The neutron balance in a pile in which a
chain-reacting condition just exists is shown in Fig. 3. Any 100 neutrons
of a single generation experience, on the average, the history indicated.
To obtain a multiplication of the number of neutrons the distribution must
be modified toward smaller losses.

Multiplication Factor DECLASSIFIED
The neutron multiplying ability or reactivity of a chain-reacting pile

is expressed.in terms of its multiplication factor. The multiplication
factor, usually designated the letter k is the ratio of the number of
thermal neutrons producing fission ,of 9 33235 in one generation to the number
of thermal neutrons producing fiaion in the preceding generation. If the
multiplication factor is great r than one, the reaction accelerates because
more neutrons are available f fission in each succeeding generation. If
the multiplication factor is les than one, the number of available neutrons
is less in each succeeding gener tion and the reaction dies out. The amount
by which the factor exceeds one I called the excess multiplication factor,
or excess k, and is usually expressed in terms of per cent of the multipli-
cation factor. For example, a multiplication factor of 1.01 corresponds to
an excess k of 1%.
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To assure continuance of a chain-reacting condition and also to permit
control of the rate of reaction, every operating pile must be designed to
have a practical amount of excess multiplication factor under operating
conditions. This may be from .25% to 1.5%. When a pile contains excess
multiplication factor, the rate of reaction increases by a definite factor
in each generation. The rate of reaction increasos exponentially with time.
To control the growth or decay of activity a pile-As equipped with "control
rode"- Control rods are made of materials such as boron or cadmium which
have large neutron capture cross sections. They are movable so that their
position in the pile can be adjusted to absorb just the desired amount of the
excess multiplication factor. They can also be designed large enough to be
able to stop the reaction completely, by reducing the multiplication factor
below unity when completely inserted.

' _PROPERTIES OF A CHAIN-BEACTING PILE

General Dscription

The Hanford piles consist of structures made-up of graphite blocks
arranged in the form of rectangular prisms approximately 36 feet wide and
high and 28 feet long. The graphite prisms are pierced with holes in the
form of cylindrical channels, arranged in a square pattern 8 3/8 inches on
a side. Each channel is lined with an aluminum tube in which the cylindrical
shaped pieces of uranium metal are placed. Cooling water is forced at high
velocity through an annular space between the metal pieces and the tube. To
avoid chemical action between the water and the uranium the metal is jacketed
with aluminum. The component parts of the active metal-bearing portion of a
pile are schematically illustrated in Fig. 4. A graphite shell about 2 feet
thick surrounds the metal-bearing inner volume. This shell of dead graphite
acts as a "reflector" to return escaping neutronsto the active, inner volume
of the pile. --

the graphite prism is surrounded on all sides by shielding to absorb the
intense gana and neutron radiations which are emitted during operation. The
reaction rate of the pile is controlled by means of control rods which extend
into the regions of high neutron density.

- 211 -



HW-10475-SEC. B

COPY NO.A _.SERIES C

PROPERTIES OF A CHAIN-REACTING PILE

FIG.4
COMPONENTS OF ACTIVE PART OF PILE

CONTROL RODS ( 38)

WATER
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-
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CONTAINING
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APPROXIMATE W
r I-

ALUMINUM

RANIUM JoE
METAL

DETAIL OF TUBE

EIGHT OF METAL IN PILEa
200 TONS

APPROXIMATE WEIGHT OF GRAPHITE IN PILES
1600 TONS

Effect of Operation on Multiplication Factor

The effect of different variables on the reactivity of a pile is
expressed In terms of their effect on the multiplication factor. An impor-

tant variable which affects the multiplication factor is the pile temperature.
The change in k per degree temperature change is called the temperature
coefficient. The temperature coefficient arises from a complex combination
of many effects. The principal ones are believed to be: change in leakage
rate out of the pile, distortion of the relative distribution of slow
neutrons, -and variation of absorption cross sections with temperature. Piles

with negative temperature coefficients are to an extent self-limiting in that
excess multiplication factor is consumed by the temperature rise which accom-
panies higher rates of reaction. The complex nature of the temperature
coefficient makes it impossible to predict fram existing theory the sign or
the magnitude of the coefficient for a pile of new design.

Several of the fission products from the chain reaction are known to
have large neutron absorption cross setions. The accumulation of these
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products during operation consums excess multiplication factor originally de-

signed into the pile. These products, in effect, poison the pile. A compen-
sating effect is the destruction of highly absorbent elemnts which exist as

impurities in the pile materials by reactions which transmute them to other
elements. For example, the boron content of graphite is reduced by neutron

capture in the reaction 5 Bl0(n,C ) 3 1i7 by which less objectionable lithium is

formed. Product formation increases the multiplication factor because the

product itself undergoes fission and therefore releases neutrons in the sam
manner as 92U235. The'number of neutrons increases because the product under-

goes fission more readily than 92U235. A more detailed discussion of these
effects is-given in the chapter on variations in pile reactivity.

The effect on the multiplication factor of the presence of various

elements in the uranium is expressed in terms of a "danger coefficient" for
the elementt. The danger coefficient times the amount ot the element relative

to the amount of uranium, expressed in per cent, equals the per cent effect

on the multiplication factor. The danger coefficient is calculated from

cross sections as follows:-

Cross section of element - Atomic weight of uranium
Danger coefficient = Cross section of uranium At nic weight of element

For example, in the case of boron:-

Danger coefficient X 19807.6 1378 18

That is, 1% of boron in the metal would reduce k by 1980%. For this

reason boron must be avoided as an impurity.

The per ant effect on k of impurities in other parts of the pile, such

as the graphite, is obtained as the product of the danger coefficient, the

per cent of impurity relative to the uranium, and a correction factor which

takes into account the absorption by the carbon and the location of the

impurity in the pile.

Neutron Distribution DEC USS IF ED
The neutron distribution in a uniformly loaded cubical pile, when not

disturbed by strong absorbers such as control rods, is a simple function of
position in the pile The neutron density in this case varies along each

axis according to a sine function as illustrated in Fig. 5-A. The maximmm

neutr a density and consequently the maxiimnm rate of heat generation and

produ-t formation exists at the center of such a pile. The active metal-
bearing portion of a Hanford pile is surrounded by layers of graphite to

form a reflector for the neutrons which are moving outward from the center.

The presence of this reflector modifies, somewhat, the neutron density at

the edge of the active metal-bearing portion. Insertion of a control rod

distorts the neutron distribution from that which is illustrated. The type

of distortion which the control rod produces is illustrated in Fig. 5-B.
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Although the control rod absorbs neutrons from its immediate neighborhood,
the effect-of this local absorption is transmitted at once to all parts of
the pile because of the gas-like nature of the free neutrons.

FIG..5
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The effect of a change in control rod position on the reactivity of a
pile depends on the position of the control rod in the pile. If the tip of
the rod is in a region of low neutron density a larger movement of the rod
is necessary to effect a given change in k than when the rod tip is, in a
region of higher density. Because of the variation of neutron density with
location in the pile, the rods which regulate the activity must usually be
calibrated-over their entire useful length of travel.

The relation between neutron distribution and output of product from
the pile will be discussed in a subsequent chapter.

Control. of Activity DECLASSIFIED
The control rods which are used specifically to regulate the level of

activity in a pile are called regulating rods. Other forms of control rods,called shim and safety rods, are used to make larger changes in multiplica-
tion factor for safety or operational reasons as required. When the
multiplication factor of a pile is made exactly equal to unity, by accurately
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positioning the regulating rod, the rate of heat generation or power level
will remain constant; an equilibrium exists. Thermal neutrons are being
absorbed at the same rate as they are being formed. When the regulating rod
is located so as to create such an equilibrium condition, it is said to be
at the "critical position". To change the power level it is necessary to t

change the number of neutrons in the pile. The number is altered by tempo-
rarily changing the multiplication factor,_either by withdrawing or further
inserting the regulating rod to raise or lower the level as desired. When
the desired power level, that is neutron density, has been attained, the
multiplication factor is again brought back to unity by moving the regulating
rod back to the critical position. The pile will then continue to operate at
the new power level. The magnitude of the power level change is proportional
to the time the neutron density is allowed to multiply before the multiplica-
tion factor is brought back to unity. Change in power level can be compared
with change in direction of an automobile; the extent of the regulating rod
movement corresponding to the amount the front wheels of the automobile are
turned fram the straight-ahead position. The extent of the -change in power
level of the pile, or in direction of the automobile, is proportional to the
time the regulating rod, or the wheels, are removed from the standard
position.

Reactivity - Period - Inhour

Luring a power level change the activity of a pile increases or
decreases exponentially. That is, the rate of reaction is increased or
decreased by a definite factor in each time interval. Because of the multi-
plying nature of the change it is most convenient to express the rate of
change in terms of the "period". The period is defined as the time required
to.schange the power level by a factor of e, equal to 2,718. This factor is
th&. base of the natural system of logarithms and is used because of its
conVenen& in the theoretical analysis of pile behavior.

If only those neutrons which arise during the fission act were present
in a pile the growth of activity, as expressed by the period, would be a
relatively simple function of the length of a neutron generation and the
multiplication'per generation, or multiplication factor. The presence of
delayed neutrons to the extent of less than 1% of the neutrons emitted per -
fission alters this simple picture. The activity of these delayed neutrons,
which arise from radioactive fission products, decays in the same manner as
the activity of more common radioactive materials. Because of this decay
property, the delayed neutrons appear some seconds after creation of the
fission products which emit them. As a result, the delayed neutrons contrib-
ute relatively less when the activity is rising rapidly than they do when the
power level is nearly stationary. On the other hand, when the power level is
falling the contribution is relatively greater. -

Growth of activity depends upon multiplication of the number of neutrons
actually present, either normal fission neutrons or delayed neutrons. When
the activity is rising, the relative contribution of the delayed neutrons
to the over-all multiplication in any generation, is less than when the
activity remains constant. This is because the number of delayed neutrons
which present themselves for multiplication in that generation is

- 215 -



HW-10475-SEC. B

-- CoPY NO. 63 SERIES C

-fopEFTIES C1 A COAIN-EACTING PILE

proportional to the lower activity which the pile had. some seconds before the

delayed neutrons appear- The shorter the period the smaller the relative

contribution of the delayed neutrons. The fractional part of the multiplica-

tion factor which is due to delayed neutrons is, therefore, a function of the

period of~growth of activity. On the other hand, when the pile activity is

falling, the number of delayed neutrons which appear for multiplication in

any generation is proportional to the activity which the pile had some

seconds earlier, when the pile level was higher. _When the number of normal

fission neutrons is decreasing, the delayed- neutrons attempt to maintain the

earlier, higher level of activity. They make a relatively larger contribu-

tion to the over-all neutron multiplication than when the pile activity

remains constant. In fact, when a large negative excess k exists, the period

of the pile actually approaches the decay period of the 
delayed neutrons.

These effects are illustrated in Fig. 6 which shows the relation between
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reactivity and period for a pile of somwhat different design from the

Hanford piles. However, the shapes of the curves for these piles will be

very similar.

The unit of reactivity in the "inhour". It is a theoretically derived

unit which is proportional to the excess nmultiplication factor. That is:-

Excess multiplication factor = Constant X (Reactivity in inhours)

Although the name of the unit unfortunately implies a simple inverse

relation between reactivity and period, this simple relation exists only as

an approximation for very long periods. The relation between period and

inhour reactivity which is true for all periods, short or long, is:-

Reactivity in inhours = + + 33 1139 + 1793 +
p p+0.7 p46 .5 p+34 P+8 3

p = period in seconds

The constants in this inhour expression were obtained by consideration

of the half-lives and relative activities of the several delayed neutron

emitters and the average length of the neutron generation in the pile. They

have also been chosen so as to give a pile with a period of one hour a re-
activity of one inhour. With the value of the excess nultiplication corre-

sponding to one inhour as a standard of reference relative values of the

multiplication factor can be accurately determined by observation of the

pile period. The constant of proportionality between inhour expression for

reactivity and excess multiplication factor is not accurately known. It is

the usual practice, therefore, to express reactivity in terms of the inhour

unit rather than excess multiplication factor, to avoid introducing addi-

tional uncertainty by use of a proportionality factor which is not accurately

known. The value of this proportionality factor is approximately 2.4 x 10-5.

Radiations

Operation of a pile is accompanied by the emission of large amounts of

radiation in the form of gamma rays, neutrons, fission fragments, and beta

particles. The energy distribution among the various types of radiation and

the location of their energy absorption is given in the following table:-

BLASSIFIED
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Absorption Absorption Absorption
Mar/fission in U in carbon in shields

Kinetic energy of
fission fragments 159 100% 0% 0%

Kinetic energy of
neutrons 7 1 99 0.03

Gamma rays from
fission products 5 75 25 0.08

Beta emission from
fission products 11 100 0 0

Gama rays from reactions
other than fission 18 70 28 2.0

The energy of these radiations is converted into heat in the absorbing
materials. For this reason the cooling system mst be designed to removeheat from all parts of the pile including the radiation shielding.

The activity associated with operation at a 1 kw. power level isestimted to be equivalent in ionizing power to 12 pounds of radium; thepresent world supply of radium is less than 2 pounds. The radium equivalentof the ionization in a single Hanford pile at the regular operating levelwill be of the order of 1,000 tons of radium.

Gamms rays and neutrons are extremly penetrating and therefore leak outof the active graphite portion of the pile. Both of these radiations areharmful to human tissue and safeguards against irradiation of personnel arenecessary. This protection is required when the pile is shut down as well aswhen It is operating. After a pile is shut down the neutron emission decaysto, a negligible amnwat in about 30 minutes but the emission of gamma raysfrom the active fission products continues, falling to about one-tenth of itsoriginal value in 10 days. For piles operating below 1,000 kv. adequateshielding is provided by 5 to 7 feet of concrete. Piles operating at higherlevels mist be equipped with a more elaborate form of shielding which willbe described in another chapter.

S- 218-
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CHAPTER II --PHYSICAL PRINCIPLES OF THE PROCESS
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SECTION B PILE

CHAPTER III - GEtERAL DESCRIPTION OF THE PLANT

The preceding chapters of this section have introduced the principles
of nuclear reactions involved in the production of 49. The selection of a
plant site for the manufacture of this product involved a number of special
considerations. An essential requirement was a large dependable supply of
relatively pure water that remains at a fairly lor temperature throughout the
year. A large source of power was required for circulating the tremendous
quantitiep of water. The potential dangers connected with the high energies
of the nuclear reaction to be carried out in the piles and the associated
forinationhof a large quantity of radioactive by-products, required. the use
of large distances between each portion of the plant.

The military importance of- the project and the possible hazards of the
process necessitated the choice of a comparatively unpopulated area. Certain
minimum distance requirements were thus set by the Army on the basis of the
best technical advice. The manufacturing area was conceived to be roughly
twelve by sixteen miles. Within this reservation the several pile and sepa-
ration areas were to be spaced. Beyond the limits of this reservation was to
be a belt-of low occupancy, so that no community of more than one thousand
persons, except the plant village, would be within twenty miles of any pile
or separation area. The plant village was to be permitted at a distance of
not lese than ten miles. The same distance was to prevail with respect to
main rail and highway routes.

-301-
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PLANT AND AREA SITES

PLANT SITE

The site of the Hanford Engineer Works almost uniquely meets the essen-
tial requirements. As shown in Figure 1, it is-located in Benton County,
Washington, in a semi-arid region beside the Columbia River, one of the
largest rivers in terms of water flow in the United States, and near the
Grand Coulee and Bonneville power networks. It is east of the Cascade Moun-
tains in an unpopulated area where the relatively modest Rattlesnake Hills,
Saddle Muntains and Yakima Range form the inland extremities of that system.
The nearest community of any considerable size is Yakima, about 40 miles o
the west, with a population of 30,000. The larger cities of Seattle, Tacoma,
Portland, and Spokane lie well outside a 100-mile radius.

The site itself lies largely, and the manufacturing reservation entirely,
on the south bank of the Columbia River, whicli bounds the latter area on the
north and northeast. The manufacturing reservation is nearly level. It is
broken p-ominently only by Gable Mountain which is an outcropping of the
basalt that underlies the entire site. The overburden consists of shale and
sandstone above which are deposits of said and gravel. This ground can
sustain high bearing loads and the material itself is suitable for plant
roads or, when screened and washed, for concrete aggregate.

The -area owned, or controlled through lease, amounts to approximately
631 square miles. Of this, 230 square miles are owned by the Government.
The manufacturing reservation contains 195 square miles. The remaining
property-owned is accounted for by the purchase-7of power and irrigation
properties and rights, and by the acquisition of Richland Village, as a site
for the housing development and an administration area. Occupancy in the
remaining leased property is restricted and controlled on the basis of safety
and security considerations.

AREA SITES DELA SIFIED
A general layout of the plant is given in Figure 2. The pile and

separation plant areas are designated as 100 and 200, respectively, and the
metal preparation and testing area as 300. Three completely self-contained
pile areas are provided. Allowance has been made for additional areas if
required._ These areas have been located on the south bank of the river at
the northern extremity of the manufacturing reservation. They have been
designated "B", "D", and "F" in downstream order. Each site lies on a nearly
level plain at elevations above the river which range from some 30 feet for
"F" to over 100 feet for parts of "B". These areas are widely separated from
each other, from other operating areas, and from Richland Village. "F",
which is-closest to the village, iis over 30 mile away.

The Columbia River furnishes- the water for cooling the piles. This
great river, with its headwaters in British Columbia west of the continental
divide, is fed by melting snow. At Vernita, just north of the plant, the

- 303. -
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TYPICAL PILE AREA

river drains an area of about 95,000 square miles which is twice the size of
Pennsylvania. The average flow of the river at the site is 121,000 cu.ft./
sec., with an average monthly minimum of 40,000 in February and a maximum of

33.4,000 in June. The combined rated capacity of the pumps taking water from
the river is 842 cu.ft./sec., or about 2% minimum river flow. The water is
exceptionally pure and has an average temperature of 506 F for 8 months of±
the year and 600 F for the remaining 4 months.

Power is furnished by the Grand Coulee and the Bonneville Bam located
on the Columbia River above and below the plant. -Two 230-kr. lines connect
to each of these generating plants at the PMidway Station", in the northwest
corner of the site about 6 miles west of Area 100-B. The average combined
load for all areas is estimated to be 105,000 kw. of which about 85,000 will
be providd4 through the Midway Station and a 230-kr. 60-cycle loop serving
the 100 aA 200 Areas as indicated in Figure 2. The loop voltage is reduced
to 13.8 ki. in the three 100 Area substations. The 300 Area, Administration
Area and Richland are supplied from a 115-kv. substation on another line.

ETYPICAL PIE ARD

The three pile areas are identical in design, with the exception of
differences in the purification and refrigeration systems of the water plants.
The manufacturing facilities of these areas include several main features. A
river pump. house supplies water from the river to storage basins. It is then
treated to meet the requirements of the process, which are minimum corrosion
and freedom from film formation in the water tubes of the pile. The facili-
ties for treatment include filter plants, dmineralization equipment (for
Area 'D" only), and deaerators. Refrigeration for part of the water to
increase the power capacity of the pile during the periods of the year when
the water temperature rises, is supplied for the "D" and "F" Areas. Follow-
ing this treatment the water is pumped to' the pile building. After passing
through the pile, the water is held up in a retention basin to allow decay of
certain siort-lived radioactive products before it goes back into the river.

In addition to water, helium is also circulated through the pile. A
helium storage, purification and circulating system is required as part of
the 100 Area equipment.

A typical arrangement of a 100 area is shown in Figure 3. Each pile
area is bounded by about 4 1/10 miles of fence overlooked by guard towers.
There are five gates giving access to the enclosure, three for rail and two
for road. The fence encloses about 685 acres of -and on which there are
4.25 miles of broad gauge track and 6.75 miles of_ gravel roads.

-306 -I M
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HANFORD ENGINEER WORKS TECHNICAL MANUAL

SECTION B - PILE

CHAPTER IV - THE PILE STRUCTURE

In this chapter, it is proposed to outline the nature of the pile, the
specific device that has been designed to take care of the requirements for
the production of 49 by nuclear synthesis. The reason for the physical form
which the apparatus takes can best be understood when it is realized that
the form of each part follows the function that it performs. The functions
that must be carried out by the pile are therefore discussed in the first
part of the chapter. This discussion is followed by a description of the
equipment which is used to accomplish them.

DELASSIFED
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REQUIRDENTS OF A PROICTION UNIT

The pile must first of all furnish an arrangement of parts in which the
self-sustaining or chain reaction mentioned in previous chapters can be
started and controlled. Then it must be capable of permitting the removal of
heat at as fast a rate as possible, since the rate of production is directly
proportional to the rate of heat generation. The pile must make use of such
materials of construction as are available in the necessary quantities. It
must be capable of practical operation, in a way that permits ultimate semi-
continuous isolation of the product, and that is safe.

In order that the chain reaction may take place, it is necessary to have
metallic uranium dispersed in a medium that is capable of slowing down the
neutrons produced in the chain reaction, but which, at the same time,
prevents their loss by leakage or absorption in quantities such that the
reaction cannot perpetuate itself. Both theory and experience have shown
that one of the most practical methods by which this can be done is to
arrange the uranium in the form of cylindrical bars, evenly spaced in a large
mass of graphite. The length, diameter, and spacing of these rods are all
important. The theory shows that a certain ratio between the weight of the
graphite and of the uranium must be preserved. It also shows that if the
rods are too thick, too many of the neutrons are captured inside them under
conditions such that no additional neutrons are formed and the reaction does
not perpetuate itself. If the rods are too short, too many of the neutrons
leak out at the ends of the pile; and if they are spaced too close, there is
too good a chance that a neutron that escapes from the rod will re-enter the
metal before it has been properly slowed down and will be captured under the
unfavorable conditions mentioned above.

The most effective arrangement of parts is still further affected by the
necessity of passing a cooling agent over the surface of the metal. In the
Hanford piles this cooling agent is water, whichis an effective absorber of
nei'trons however, and must therefore be kept to a minimum. It must, of
course, be kept out of the graphite and away from the uranium, with which it
would react. For this reason, it becomes-necessary to jacket the uranium in
a protective coating, and to place it inside water tubes running through the
pile. A survey of the materials from which these jackets and tubes could
possibly be made shows that only aluminum has the necessary combination of
'availability, good resistance to corrosion, and low absorptive power for
neutrons The last of these qualities may be estimated for comparative
purposes by reference to the table of danger coefficients given in Chapter I.
Because it is necessary to discharge the jacketed uranium at intervals as the

product builds up in it, special end fittings must be provided through which
the metal can be moved and the water brought in and taken away. Accordingly,

we end with a structure consisting of a mass of carbon pierced by a number of
aluminum tubes with suitable end fittings through which water is passed, and
containing uranium rods jackete.d with aluminum.

D0BE1ZWSIU
- 4o3 -



HW-10475-SEC. B

copy NO. 6 3 SERIES C

LATTICE STRUCTURE

LATTICE STRUCTURE

Graphite

The arrangement finally chosen calls for a nearly cubical pile of
graphite made up of block. 4 3/16 inches by 4 3/16 inches by 48 inches. Theoverall dimensions of the graphite are 36 feet by 36 feet by 28 feet (seeFigure 1). It rests on a'carefully-leveled _surface made up of cast-ironblocks, which in turn are laid in grout on top of a massive concrete founda-tion. In addition to giving a good surface upon which to start to lay thegraphite, the cast iron serves another purpose that is discussed later.

Our use of such relatively small blocks of graphite allows the manufac-turer to produce with reasonable speed a graphite- of high density and highpurity. The reason for this is that the manufacturer achieves these qualitiesby making graphite blocks in the ordinary way but from a superior grade ofpetroleum coke, and then impregnating them with a pitch that is low inimpurities. The blocks are then regraphitized. In the graphitizing processthe impurities migrate to the surface and are carried away. It can readilybe seen that if the blocks were larger, this process of migration would beslower; the time required to reach the same purity should vary approximatelyas the square of the width of the block.

The graphite blocks are set in layers with a number of short blocks sothat the joints are staggered. This is well shown in Figure 2. It will benoted that alternate layers from bottom to top are laid with the longdimensions at right angles to one another. This crisscross arrangement makesthe pile rlatively 'stable to mechanical distortion. Additional protection
against shifting is provided in the form of large-graphite keys. Alternaterows in alternate layers are pierced for the aluminum tubes, which are thusspaced in a square lattice in which the tubes are 8 3/8 inches apart. Notall of the graphite produced by the manufacturer has the same high densityand purity. The material of highest quality is placed in the center of thepile, and is surrounded by layers of successively lower quality. In thisway the bi-st material is used where it is most effective. As an example ofhow important this effect is, it may be mentioned that if the middle 30% ofthe pile is made of -a certain material, the effect is 70% as great as if theentire structure were made of that material. Figure 3 shows schematicallyhow the graphite blocks might be divided among four different grades.
Ideally these grades would surround one another like the layers of an onion.To do this-, however, would reduce the interlocking of the blocks which givethe pile its stability. The various grades therefore overlap as shown inthe figure. At present there are in use three grades of petroleum coke;Kendall, Cleves, and Toledo. These are used with two grades of pitch;
Chicago and Standard. The combinations of these used are, in des"ending
order of quality, Kendall-Chicago, Kendall-Standard, Cleves-Standard, andToledo-Standard. Certain other graphites of minor importance will also beused.
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FIGURE 3
SCHEMATIC ARRANGEMENT OF DIFFERENT GRADES OF

GRAPHITE IN THE PILE
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Reflector

The mechanism by which the graphite works is that the neutrons escape
from the uranium at high speed and enter the graphite, where they bounce from
atom to atom, losing a fraction of their energy at each impact until they
have been slowed down to a velocity roughly comparable to that of a hydrogen
atom at the temperature of the pile. In this state they are called slow or
thermal neutrons because their kinetic energy is roughly that of the thermal
energy of the atoms of the pile. Throughout this process, there is a com-
petition between the various fates of pile neutrons. A neutron may get back
into the uranium and be absorbed while it is still going too fast; leak out
through the sides of the pile; be absorbed by the graphite, the aluminum, or
the water; or reach the desired final slow velocity at which it is most ef-
fective in producing other neutrons when it reacts with uranium.

The most dangerous of these probabilities is that neutrons will leak out
of the sides of the structure. If leakage could be completely prevented with-
out attendant absorption, the pile could be much smaller. In fact, the size
of the pile would be determined almost entirely by the scheme adopted for re-
moval of the energy of the nuclear reactions. Leakage of neutrons is reduced
by using a reflector to send most of them back from the surface into the mass
of graphite that contains uranium. The reflector that is used consists of a
layer of additional graphite on all six sides of the active part of the pile.

The action of this layer of graphite may be best understood by an
analogy in which light takes the place of neutrons, and marbles take the
place of carbon atoms. In this analogy it is assumed that in the darkness
of outer space there is a chamber containing a source of light, and bounded
by walls through which this light could pass without absorption or ref3,ection.
The visibility in this chamber would be greatly improved if even a sparse
layer of small white marbles next to the wall mentioned above were provided.
Such marbles, however, would let a considerable quantity of light pass
between them into outer darkness, but if another and another layer were
added, the amount of light escaping would be further and further decreased.
An observer on the outside, however, would catch a gleam of light reflected
from surface to surface of the marbles. This would be an indication that
reflection back into the interior was by no means perfect. From a strictly
theoretical standpoint, no matter how thick the layer was made, light would
still escape by this method of reflection, but if the marbles each absorbed
some of the light, the glimmer visible from the outside would soon be reduced
to a negligible amount. In the reflector of the pile, the placeof the light
rays is taken by neutrons, and of the marbles is taken by the atoms of carbon.
In both cases, the light or neutrons are largely reflected back into the
interior, but some escape and some are absorbed. In both cases, moreover,
the effectiveness of the reflector in turning light or neutrons back into the
interior falls off very rapidly as the thickness of the reflector is increased.
The analogy is an imperfect one and should not be pressed too far.

In the Hanford pile, the reflector is on the order of 2 feet thick. It
may be seen in Figures 1 and 2, in which it appears as the portion of the
graphite not pierced by holes for the cooling tubes. The reflector makes up
the principal part of the "red" section of Figure 3. The faces of the cube

- 4o8 -R 5/45
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through which the tubes pass form a special case which is discussed below.

Cooling Tubes

The funrtion performed by the cooling tubes is best realized in light of
the fact that about 1080 kilowatt days, or about 88,500,000 B.T.U., are liber-
ated for. each gram of 49 produced. After much manipulation of the variables
involved, it was decided to construct each pile with a nominal capacity of
250,000 kw., corresponding to approximately 230-grams of 49 per day. This
power output is exceeded by very few central power stations in the United
States. To obtain this output, it is necessary to achieve heat transfer
coefficients between the water and the uranium that are much higher than
those ever counted on in ordinary commercial installations. The actual
figure is on the order of 5000 E.T.U./sq.ft./hr./OF.

The high heat transfer rate is accomplished by surrounding the jacketed
uranium, which has an outside diameter of 1.440 inches, with an aluminum tube
which has an inside diameter of 1.611 inches, thus leaving an annular space
for water flow that is 0.086 inches wide. In the most active portions of the
pile, the water velocity through this annulus is about 19.5 ft./sec. To
minimize corrosion and prevent local boiling, the water is brought in as cold
as possible and discharged at about 70* C. Because of the rapidity with
which local overheating can occur if the water flow is not maintained, the
tubes have to be drawn with very close dimensional tolerances, and the
uranium is located within them with great accuracy by means of two ribs
running full length of the inside of the aluminum tubing. The pressure drop
required to force the water through the tubes determines the pressure at the
inlet to the tubes, and thus sets a lower limit to the wall thickness. This
must not be greatly increased for the sake of resistance to creep and. corro-
sion, or too many neutrons will be absorbed. A reasonable compromise was
attained by making the minimum nominal tube wall- thickness 0.059 inches. The
outside diameter of the aluminum tubing thus becomes 1.729 inches. Much
consideration was given to the questionrof whether the aluminum tube should
be slightly larger, slightly thicker, or both; but if it were larger, the
amount of uranium required to make the pile reaction self-sustaining would
be unreasonably increased, and if it were merely thickened, the pressure drop
required to force the water through the remaining annulus would rapidly reach
too high a figure.

Active Slugs

At each end of the aluminum tubes, fittings are provided which allow for
the entrance and discharge of water and for the introduction and removal of
the jacketed uranium (see Figures 4 and 5). For the sake of convenience in
the operation the uranium metal takes the form of cylindrical slugs 8 inches
long. This short length also minimizes the warping of the slugs that might
occur because they rest on ribs, which impede the transfer of heat and make
the bottoms of the slugs run relatively warm. A photograph of one of the
active slugs is given in Figure 6, and a sectional drawing in Figure 7. It
should be noted that the uranium is a simple cylinder that is pushed into a
thin-walled aluminum can with a thick bottom. At the moment of insertion
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the can is filled with a molten alloy of aluminum and silicon, which serves
to fill all interstices. The uranium cylinder is followed by an aluminum
plug. After chilling, the plug is faced off and welded to the can. This
leaves aluminum at each end thick enough to keep the center of the end cool,
and reduces the chance of boiling of the water or local corrosion. The
purpose of surrounding the uranium with aluminum on all sides is not only
to prevent reaction between the water and the uranium, with consequent loss
of material and contamination of the water system, but also to keep extremely
active fission fragments from escaping into the water at the moment of
fission.

Dummy Slugs

The pile is constructed with 2004 cooling tubes, arranged as shown in
Figure 8. Although a smaller number of tubes when charged will permit a
chain reaction, in order to reach 250 megawatts all met be charged. Typi-
cally, each tube contains 32 active slugs, each containing 7.90 lb. of
uranium which is equivalent to a total of 253 short tons for the whole pile.
It is espeoted, however, that the quality of the graphite will steadily im-
prove as the boron that it contains is burnt out. It may, accordingly,
eventually be possible to reduce the number of active tubes, and the mtal
supply may make this course desirable. If this is done, the corners of the
pile may be emptied of heavy metal. If the empty corners are not cooled they
will become objectionably hot. Certain of the cooling tubes in this region
must, therefore, have water run through them. Since water is a fairly good
absorber of neutrons and a rather poor one of gamma rays, it will be desirable
to fill-these tubes with cylindrical aluminum slugs. These scatter and ab-
sorb gaitma rays adequately, and at the same time have a relatively small
effect on the neutrons in the neighborhood, so that the effectiveness of the
reflector will not be greatly impaired. The other tubes in the corners will
be left empty except that the ends will be capped and plugged with grooved
steel shield plugs to prevent the escape of radiation and of air containing
active argon. These steel plugs are shown in Figures 6 and 7.

Cylindrical slugs jacketed with aluminum and filled with a neutron
absorbent such as lead-cadmium alloy may also be used in the piles. They
are shown in Figures 6 and 7. To understand the purpose of these slugs it
is necessary to picture the distribution of power in a pile. If the active
portion Is a rectangular prism the center tube is the most active one, and
the activity falls off like a rounded hill toward the sides and toward the
top and bottom, following a cosine curve in each direction. It reaches
about 10% of the maximm activity in the middle of the sides, and about 1%
at the corner tubes. If the curve of activity could be flattened to form
a high plateau instead of a rounded hill, more tubes would run at or near
the maximam activity, and the output of the pile would be increased. This
flattening can be accomplished by putting considerably more uranium in the
pile, and filling carefully chosen tubes near the middle of the bundle with
the absorbent slugs mentioned above. The resulting distribution of activity,while approaching the ideal high plateau, is actually a hill, the top of
which contains a number of depressions corresponding to the absorbent tubes,
so that it resembles a quilted pincushion. This question will be considered

more fully in Chapter XI.

- 414 -R 55
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It should be realized that each cooling tube pierces not only the active

portion of the pile but also the reflector; and if the portions of the tube
going through the reflector were filled with uranium its purpose would be
defeated. For this reason, it is necessary to fill the portions of the tube
that pass through the reflector with a relatively inert material. Ideally
this material would be a reflector of neutrons in itself. For practical
purposes, however, it has been found adequate to-fill almost all of the parts
of the aluminum tubes outside the active region with tubular aluminum dummies.
See Figures 6 and 7. These dummies have the samu outside diameter as the
active slugs and have an inside diameter slightly under 1 inch. Their walls
are perforated. with 48 holes 5/16 inches in diamster. The perforations allow
water to flow inside these tubular dummites as well as in the annular space
around them. The pressure drop in the portions of the tube which they fill
is accordingly materially reduced. The walls are sufficiently heavy to
transmitcthe forces required for charging and discharging the tube without
buckling or collapsing. The combination of aluminum and water produces
enough adattering of gamma rays and absorption of neutrons to protect the
biological shield, which is discussed below. The absorption of neutrons in
the reflector is not such as to reduce its effectiveness to a large extent.
The radiation escaping from the pile is still further reduced by the use of
three aluminum-Jacketed lead dummies 6 inches long the outer layers of the
pile. These dummies are made of lead, which scatters and absorbs gamma rays.
They have been made 6 inches long so that they may be distinguished from
similar slugs. They, too, are illustrated in Figures 6 and 7.

SEOMWING

That the pile must be covered with protective outer layers is obvious
when it is realized that the total ionizing power of the radiation produced
in the pile is equivalent to several hundred tons of radium. Although thereflector turng back most of the neutrons and absorbs most of the gamma raysentering it, the small fraction that still escapes is capable of producing
thermal and physiological effects enormous in comparison with any othersource oftradioactivity. For this reason, the pile is surrounded on all sixfaces with a layer of cast iron about 10 1/2 inches thick. This is calledthe thermal shield, and in it is released 99.6% of the total energy that
would be released if this layer were a perfect absorber for both kinds of
radiation. The bottom thermal shield is leveled off to form an accurate basefor laying the graphite blocks. The construction of the thermal shield isshown in Figure 9. It also appears, in section, in other drawings ofSection B.- For a 250,000-kr. pile the rate of release of energy in the
thermal shield amounts to about 375 k1. This heat mast be removed by specialcooling water tubes in the sides, but in the ends it enters the main stream
of cooling water through the active tubes. The radiation escaping capture inthe thermal shield is not important considered as-heat, since it amounts toonly 1.5 kir., but it is extremely dangerous to living organisms and verydifficult to eliminate because so large a portion of it consists of fast
neutrons.

- 416 -R 5/45
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To bring the level of radiation outside the pile down to a safe level,
an additional shield, the biological shield, is provided. This is about
4 fcot thick and is made up of alternate layers of steel and Masonite. The
fast neutrons are for the most part slowed down by elastic collision with the
hydrogen atoms of the Masonite, though som of them are slowed down by a more
complicated process in the steel, known as Inelastic collision. The result-
ing slow neutrons and the gamma rays are largely absorbed by the steel.
Enough radiation is absorbed by the Masonite, however, to form a small amount
of gas, -which works its way out through the interstices of the biological
shield into gas spaces in the graphite and is finally disposed of by venting.

The bottom thermal shield rests on the concrete foundation of the struc-
ture; no biological shield is needed there. At the front and back of the pile
the biological shield is pierced by the aluminum tubes, which would act as
windows through which radiation could reach the outside, were it not for the
fact that they are filled by the perforated aluminum dummies described above.
These dummies prevent gamma rays from escaping in large quantities through
the ende& of the tubes and at the sam time permit the presence of large enough
quantities of water to slow down and scatter the neutrons which might other-
wise escape. The gamma rays and neutrons that escape out of the annulus
around the perforated dummies have been shown by calculations to be tolerable.

S MECASSIFIED

The earth's atmosphere contains, among other things, 78% nitrogen and
0.9% argon. The nitrogen of the air is so effective an absorber of neutrons,
and the argon becomes so radioactive upon exposure to them, that the inter-
stices of the pile mast be filled with some other gas. The only gas that
does not become radioactive under pile conditions is helium, which was there-
fore chosen to displace the air. Helium has an unusually high thermal con-
ductivity, which perw.te relatively rapid transfer of the heat generated in
the graphite and in portions of the shield to the water tubes that traverse
them, The helium is circulated slowly through the pile from the cold to the
hot end and may then be passed to a purification plant in which air, water,
and gases produced in the shield can be removed before the helium is returned.
The helium is sealed in by providing a continuous membrane of welded sheet
steel over all surfaces of the pile. Expansion joints are provided at the
edges ant at the joints between the front and rear membranes and the steel
tubes that protect the aluminum tubes.

In -rder to avoid bringing the helium in and out through openings in the
biological shield, which might themselves be very difficult to make safe, it
is passed in through a duct in the base of the pile structure, up through a
plenum chamber on the cold face, through chamfered openings in the graphite
to a plenum chamber on the hot face, and then down to a duct in the base,
from which it leaves. These gas passages may be seen in Figures 1 and 2.

The presence of a current of helium in the pile enables us to watch for
evidences of a leaky tube by dividing the current into streams corresponding
to certain sections of the pile and analyzing them for water vapor. For this

R 5/45 -418 -
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purpose the discharge plenum chamber is divided into ten vertical channels,in each of which there are ten sampling tubes with their open ends spacedevenly from top to bottom of the pile (see Figure 10). These tubes are com-bined into a bundle and brought out through the helium discharge duct to ananalyzing station, where the water content is determined by a measurement ofthe thermal conductivity of the gas. The partitions dividing the dischargeplenum chambers into vertical channels may be seen in Figures 10 and 11. Toencourage the water from a leaky tube to enter the helium stream, weep holesare provided which lead from the tube holes to the chamfered openings, asshown in Figure 1.

CONTROL RODS

Although such a structure as we have described would serve to carry onthe chain reaction leading to the production of 49, it would be uncontrolledand if all its parts were not in perfect balance, it would get hotter andhotter and perhaps end in a blaze of self-destruction. For this reason thepile includes a number of devices for controlling the reaction and keeping itwithin bounds. This is done by filling the pile with slightly more uraniumthan is necessary to produce one new neutron for each neutron absorbed orlost by leakage. Then through appropriate openings in the shield, which maybe seen in Figure 11, water-cooled regulating rods coated with a neutron-absorbing material are introduced into the pile just far enough to perfectthe balance between neutrons formed and neutrons absorbed or lost. Openingsin the graphite for these rods are shom in Figures 1 and 2. In addition tothese control rods, 29 similar rods which are not water-cooled are suspendedin the top of the pile in openings in the biological shield, These openingsmatch others in the graphite itself, and are also visible in Figures 1 and 2.In normal operation, these safety rods are outside the graphite, but whendropped into the pile they very rapidly absorb almost all of the neutronspresent and stop the chain reaction. The rods may be seen in Figures 12 and13. The theory and detailed construction of these two kinds of control rodsare dealt with further in Chapter VI. Additional openings are provided inthe ide of the pile (see Figures 11 and 13) and in its base (see Figure 12)for the insertion of the sensitive elements of control instruments. Allopenings into the graphite are lined with aluminum thimbles to prevent escapeof helium.

The relation of the pile to other parts of the building is shown inFigures 14 and 15, the first of which is a plan section at the ground level,and the second a general isometric with portions cut away to show thearrangement of the rooms and the apparatus which they contain. These draw-ings contain many details the purpose of which will become clearer afterreading other chapters of this section.

DERASSF
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HANFORD ENGINEER WORKS TECHNICAL MANUAL

SECTION B - PILE

CHAPTER V - REMOVAL OF HEAT

Enormous quantities of heat are released in the pile by the nuclear
reactions of the process. The formation of one gram of product liberates
approximately 80,000,000 B.T.U. or 1000 kw. days of energy. Effective means
of removing this heat continuously must be used so that the pile may be oper-
ated steadily at sufficiently high power levels to -make the required amount
of product in a minimum time. The operating capacity of a pile is limited by
the total amount of heat which can be removed from it in a given time and,
consequently, the capacity is generally expressed in terms of power output.
The Hanford piles are designed for an output of about 250,000 kw. As indi-
cated in previous chapters, the heat is removed from the Hanford piles by
circulating cold water at high velocity through the annular space between the
jacketed metal slugs and the aluminum tubeswhich contain them. Because of

the large number of tubes, the very considerable qdantities of heat which
must be retoved, and the necessity for shielding personnel from harmful
radiation, the design, operation and maintenance of this cooling system pre-
sent formidable problems. The latter, together with the means adopted for
their solution, are discussed in this chapter.

- 501 -
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SOURCES OF HEAT

Heat Developed in the Metal

Approximately 94% of the heat liberated in the pile is developed in the
metal slugs. This heat is distributed in the pile in direct proportion to
the neutron 'ensity. Consequently, it varies with the latter according to
the pattern used in charging the pile. In the simple case of a cylindrically
loaded pile with flat ends, the greatest amount of heat is liberated in the
tubes nearest the axis of the cylinder. The heat generated in the successive
tubes between the center and the outside falls off according to a curve which
resembles that of a cosine function. Thus, if the most active tube in a
cylindrically loaded Hanford pile, containing 1500 tubes, generates about 300Xcv., only about 150 kw. is liberated by an average tube.

The heat generated in a single slug is also not uniformly distributed.
About one and one half times as much per unit volume is developed near the
surface of the slug as at the core. This is because most of the thermal
neutrons developed in the graphite are captured near the surface of the metal,
before they have had a chance to penetrate to the center.

Heat Developed in the Graphite

The slowing down of fast neutrons and absorption of gamma rays in the
graphite accounts for about 6% of the energy associated with the pile reaction.

Heat Developed in the Shields

The amount of heat generated in the thermal and biological shields amounts
to only about 0.2% of the total energy released in the pile. Approximately
97% of this small fraction is released in the thermal shield, principally by
the absorption of slow neutrons and gamma rays in the iron, but also to a very
small extent by the slowing down of fast neutrons. Although the heat released
in the thermal shield represents only a very small percentage of the heat
evolved in the pile, the amount of heat per unit volume of iron is so great
that a significant heat transfer problem is involved. Only about 0.007% of the
heat generated in the pile is liberated in the biological shield by the absorp-
tion of the gamma rays and slowing down of the fast neutrons which pass through'
the thermal shield.

5A - 503 - SI



HW-10475-SEC. B

COPY NO -tL2 SERIES C

CHOICE OF COOLING MEDIA* ~ ~~~CHOICE oF COOLING MEDIA D C A SFE
Water

Waternwas selected as the cooling medium for the following reasons:-

1) It is available in large quantities at lowcost.

2) Relatively low pressure drops are required for flow at sig-
nificant rates.

3) Relatively high heat transfer coefficients can be obtained
with it.

4) There is a large amount of experience in its use for heat
exchangers.

Helium

- The flow of heat across the many gaps of various sizes in the pile
structure is greatly facilitated by replacing the air with helium. Important
examples ofsuch gaps are the clearances between the aluminum cooling tubes
and the graphite, between the gun barrels and the thermal and biological
shields, between the thermal shield blocks, and between the control rod and
test hole thimbles and the graphite.

Helium was selected for the following reasons:-

1) It has a negligible cross section for absorption of neutrons.
Smaller neutron losses are therefore obtained when the air in
thepile is replaced by helium. In terms of k, this results
in an increase of about 0.5%. Pure helium does not react with
thejpile radiation to produce undesirable radioactivity in the
helium circulation system. Any radioactivity in this system
is therefore due to impurities which may be-kept at low levels
of concentration through purification.

2) Helium has a thermal conductivity about six times that of air.
This causes smaller temperature difference between the pile
structure and the cooling water.

3) It is easily purified to remove small amounts of contaminating
radioactive gases.

The helium is circulated through the pile and then cooled before it is
returned. Because of the very low heat capacity of the gas, only a very
small amount of heat is removed by circulation and the chief value of the
helium in removing heat is by virtue of its high thermal conductivity. The
circulation, however, performs other necessary functions. For example, gasesgenerated by the action of radiation on the Masonite in the shield, and any
residual air, are swept out and removed in the purification process. .Circu-
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lation also permits detection of water leaks from the cooling tubes by con-stant analysis of the helium for any significant changes in moisture content.

REQUIREMENTS OF THE WATER SYSTEM

Quantity of Water Required

If all of the water to the pile were heated from 0* 0 to 100* C, a pileoperating at 250,000 kw. would require a theoretical minimum of 9500 gal./min.of water. However, more water than this is actually required. In the firstplace, for reasons which are to be explained, the temperature of the exitwater from each tube must be lower than 100* C. Secondly, the heat loadvaries from tube to tube, making it impracticable to adjust the water flow inevery tube to the same outlet temperature. Provision has, therefore, beenmade for supplying 30,000 gal../min. of treated and filtered water to eachpile. That this is a very considerable flow of water may be readily under-stood by comparing it with that of a municipal supply of treated water. Forexample, the year-round average water consumption during 1942 for the city ofWilmington, Delaware (population 125,000) was 11,000 gal../min.

Quality of Water Required

The water must have a minimum corrosive action on the aluminum tubes andmust leave no scale of other deposits on the tubes which would serve to reducethe extremely high heat transfer rates required. Although the Columbia Riverwater is high in purity, some treatment is required-to make it conform tothese very stringent requirements. Such scale deposits as are formed in thetubes must be removed periodically. The treatment which the water receives andmethods of removing accumulated deposits are described in Chapter I of thissection of the manual. The temperature of the raw water should also be as lowas possible-the year round so As to give maximum cooling. This require ent isreasonably well fulfilled-since the average temiperature of the water the yearround is around 1200.

DESCRIPTION OF TEE EQUIPMENT

The sup ly, treatment, distribution .and final aisposal .of approximately30,000 gal.min. of water of unusually high quality requires extensive equip-ment. Distribution and control of the flow to approximately 2000 individualtubes is in-Itself a complicated problem, particularly when the importanceof keeping the flow and temperature in each tube within definite limits isconsidered. Another complication is added by the fact that the water becomessomewhat radioactive. in passing through the pile, so that the effluent linesmust be well shielded to protect the operators and others in the building.The water distribution system is discussed below. The parts of the systemdevoted to pumping, treatment, filtration, aid deaeation are discussed more
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fully in Chapter X of this section of the manual.

Water Supply to Pile DECL SSIFIED
Water is pumped from the river to a 25,000,000-gallon storage basin, and

then through a filter plant to a 10,000,000-gallon clear well. The filter
plant has provision for chlorination (to kill algae), coagulation with lime
and alum (or other flocculating agents such as Ferrisul), dechlorination with
activated -carbon settling, and gravity filtration through sand beds;

The first pile is cooled with water which has been treated and filtered
but not refrigerated. The treating plant of the second pile contains demin-
eralization units for purifying the water and refrigeration units for cooling
the portion which flows through the hotter tubes in the pile. The third pile
area has refrigeration facilities, and a demineralization plant may be added
if the one on the second pile proves to be advantageous. Provisions have
been made for passing the water in all three areas through vacuum deaerators
before it is pumped through the pile. It may also be desirable to add
certain chemicals, such as sodium dichromate and sodium silicate, to the
water in order to reduce the formation of film on the aluminum tubes and slug
jackets. Acid to adjust the pH of the water may also be added.

Four 1,750,000-gallon storage tanks receive water from the clear well of
the filter plant or from the demineralization-refrigeration units. When
refrigeration is used, two of the tanks will be used for chilled water and
two for unchilled water. From these tanks the water flows to the pumps where
it is brought to a pressure of 350 lbs./sq.in. in two stages.

The first stage pumps are driven by steam turbines and bring the water
to a pressure of 120 lbs./sq.in. Each pump feeds into the suction side of an
electrically driven pump which raises the pressure to approximately 350 pounds.
The pumps are so arranged that either stage maintains a reduced flow to the
pile in case of a failure of either steam or electric power. The steam pumps
alone can furnish approximately 33% of the normal flow, and the electric
pumps, 80% of the normal flow.

There is a total of 12 sets of pumps for each pile. In normal operation,
ten of these are used and two are held in reserve. A 12-inch line from each
electric pump leads to the valve pit, just outside the pile building, where
it is connected to the headers which take the water to the distributing pipes
on the charging face of the pile. There are two of these headers so that in
the areas where refrigerated water is available, one header can be used for
distributing this-to the hotter section of the pile an. the other one for
distributing the uncooled water.

The 12-inch lines from the process pumps are connected to each end of
the two horizontal headers as shown in Figure 1. From the ends of each of
these headers a riser runs up on each side of the charging face of the pile.
A recording flowmeter is installed in each of these four risers so that the
total flow-of water to the pile can be determined. Four-inch headers or
"!manifolds" run across the face of the pile between the risers and distribute
the water to the individual cooling tubes. There are 14 of these 4-inch
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manifolds-running between the one set of risers from the header, for refrig-
erated water, and 22 between the other set. This results in a dual system
which permits both refrigerated and unrefrigerated water to be distributed to
the pile face in Area "D" and "F". The piping in-the "B" Area is identical
but is used with uncooled water only.

The cooling tubes in the pile are connected to the manifolds by means of
flexible "pigtails". These lead to special stainless steel inlet fittings on
the ends of the cooling tubes. In addition to fine mash strainers located at
both ends of each manifold, a strainer for each tube is provided in the inlet
fitting. The fitting is also provided with a throttling orifice plate the
size of which may be varied to permit the greatest flow of water through the
tubes where the greatest heat is generated. The presence of some throttling
action in even the most active tubes is considered advisable in order to pre-
vent over-stressing the aluminum tubes by sustained exposure to full header
pressure. High header pressures are provided in order to minimize variation
in flow rate should the resistance of the tube suddenly change while the pile
was in operation, such as would occur, for example, if boiling should acci-
dentally be initiated in the tubes.

Cooling Tubes

The aluminum cooling tubes are approximately 44 feet long. They contain
various arrangements of active, dummy and poisoning slugs according to the po-
sition they occupy in the pile. The different dummy slugs serve to reduce the
escape of radiation through the ends of the cooling tubes. They were designed
to perform their function with a miniwum of resistance to the water flow.
Poisoning slugs of lead or a lead-cadmium alloy are occasionally used in place
of active slugs to improve the power output by modifying the heat distribution.
This function of these slugs is described in Chapter XI of Section B.

The slugs rest on two ribs in the bottom half of the aluminum tube in
such a way as to provide an annular space through which the water is circu-
lated. The ribs and the annular space between the slugs and the tube are
illustrated in Figure 3. The design permits the even flow of water at high
velocity around and past the slugs. This is required to obtain the unusually
high heat transfer necessary for operating the pile at high power levels.
Since the ends of the active slugs are in contact with relatively stagnant
water, solid aluminum discs, 0.350-in. thick, are provided on both ends of all
active slugs in order to cool the ends and minimize corrosion. The annular
space is of uniform cross section along the tube except in the portions which
contain the perforated aluminum dummy slugs. This is illustrated in Figure 4,
which shows the arrangement of the different types of slugs in the aluminum
tubes.

When the pile is not fully charged most of the tubes outside the active
zone are left empty except that the ends are capped and plugged with close
fitting, grooved, steel slugs to prevent escape of radiation and radioactive
air. These are the only tubes through which no cooling water is circulated.
An occasional tube will be filled with solid aluminum dummy slugs (and a few
lead-jacketed aluminum slugs) and will be water cooled.
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FIGURE 3
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Discharge System

The system of pipes which collects the water discharged from the cooling
tubes is located. on the discharge face of the pile and is quite similar to the
distributing system already described. Each of the horizontal inlet manifolds
has a corfesponding manifold at the same elevation on the discharging end of
the pile. - They are connected to the same row of tubes. The discharge mani-
folds are connected at both ends to 36-inch vertical standpipes, as shown in
Figure 5.

The vertical standpipes are connected at the top of the pile by a hori-
zontal pipe of the same diameter. The discharged water overflows from the
horizontal connector into a cushioning chamber from which it flows through a
concrete, duct to a retention basin for temporary holdup, prior to discharge
into the Columbia River. The retention basin has a capacity of 11,200,000
gallons. Approximately 4 hours are required for the water to pass through it.
The retention period provides time for the decay of the activity which the
water has acquired in its passage through the pile. Because all of the activi-
ties involved are short-lived, the holdup time of 4 hours is sufficient.

Cooling of Shields

The majority of the thermal shield blocks on the charging and discharg-
ing faces -of the pile are supported by the aluminum tubes which pierce these
blocks. The latter are therefore cooled by these tubes.

The thermal shield blocks in the side, tip, and bottom faces of the pile
are made with longitudinal slots spaced 8 3/8 inches apart. When the blocks
are in place, these slots form channels running the full length of the pile.
Stainless steel cooling tubes 3/4 inch in diameter are set in these channels
and leaded in place. There is a total of 208 tubes in the shield and each of
these is supplied with a flow of water of 3.5 gal./min. from a separate header.

OPERATION OF THE WATER COOLING SYSTEM

Temperature and Pressure Limitations

The operating capacity of a pile is limited by the rate at which the heat
developed can be removed. Consequently, in order to obtain the mazinum pro-
duction rate it is necessary to pass the cooling water through the pile at the
highest permissible rate and at the sam time to obtain a maximum temperature
rise in the water.

The total amount of water available to each pile is limited to 30,000
gal./min. When the amount of water is limited, it is desirable to reduce the
flow through the less active, and consequently cooler, tubes at the periphery
of the pile in order to have more water available for cooling the more active
central tubes. The distribution of flow to the various tubes is controlled by
using orifices of different diameters in the inlet fittings. The pattern in
which the orifices are arranged depends upon the heat distribution resulting
from the charging pattern which is in use.
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A limitation exists on the amount of water which can be passed through
any single tube. This results from the fact that the rate of flow is propor-
tional to the pressure drop across the tube. Experiments indicate that the
maximum sustained pressure in the aluminum tubes must be limited to about
200 lbs./sq.in. This limitation on inlet tube pressure eliminates the pos-
sibility of slow expansion of the tube, which would make its removal diffi-
cult if this became necessary.

When the inlet water pressure is limited to 200 lbe./sq.in., the exit
water pressure is about 18 lbs./eq.in. The water flows through the annulus
between the slugs and the tube at the velocity of about 18 ft./sec. This is
equivalent to a flow rate of about 20 gal. /min.

The amount of heat removed by the water in its passage through a tube is
directly proportional to its temperature change. Except for the piles which
are to be provided with refrigerating facilities, the inlet temperature of the
water is determined by the temperature of the Columbia River, the seasonal
temperature variation of which is shown in Figure 6. A limitation on the tem-
perature of the exit water is necessary to avoid harmful corrosion of the alu-
minum cooling tubes and. the jackets of the slugs. It is believed that the
exit temperature should not exceed about 650 C, in order to minimize corrosion.

FIG.6
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Corrosion of the cooling tubes is objectionable because such action

could eventually cause a leak. This would permit water to enter the graphite
structure ith a resultant loss in multiplication factor. Corrosion of the
aluminum jackets of the slugs to a point where a leak results would permit
the highly radioactive fission products in the metal to enter the water
stream. Entrance of water into the jacket would also result in chemical
action between the metal and the water. Because the reaction product is of
lower density than the metal itself, the slug would expand with consequent
harmful effects on the flow rate through the tube and difficulty in removal
of the swollen slug. However, because the slugs are usually retained in the
pile for relatively short times, compared with the cooling tubes, it is
believed that jacket temperatures of 85* C should be permissible. The hottest
portion of a jacket is opposite the supporting ribs of the tube since the
latter interferes, to a certain extent, with the flow of water past the
surface of the slug.

The following tabulation illustrates the magnitude of the heat transfer
in the most active tube of a cylindrically loaded pile for a particular set
of operating conditions within the limits prescribed for inlet water pressure
and exit water temperature:-

Exit water temperature

Inlet water temperature

Inlet wter pressure

Exit water pressure

Water flow rate

Water velocity

Total heat generation

Maxirmm heat generation

Negligible contamination

65* C IIECLASSIFIEDI
5* C (refrigerated)

200 lbs./sq.in.

18 lbs./sq.in.

20 gal./ain.

18 ft./sec.

320 kw. (single tube)

22 kw./ft. at center of tube

of aluminum surfaces is assumed.

Heat Transfer

Maximum heat flux, slugs to water: 190,000 BT/hr./sq.ft.

Maximum temperature difference, sluxg jacket to water, except at ribs: 21* C

Maximum temperature difference, center of slug to-acket: 2200 C

Maximum metal temperature: 280* C

Aluminum tube temperature: Approximately that of the local water.
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Temperature and Pressure Monitoring

Indicating and recording instruments for continuous monitoring of the
tube water pressures and temperatures are provided to assure operation under
the prescribed limiting conditions, and also to supply a record of pile
performance.

Specially designed gauges give a continuous indication of the inlet
pressure of each tube, measured down stream of the orifice. An abnormal
increase of decrease in pressure at this point is evidence of a serious
alteration in the rate of flow through the tube. An increase in pressure
may be due to an obstruction in the annular space in the tube or to swelling
of a slug.- A decrease ijn pressure may result from a plugging of the orifice.
Either of these conditions represents a potential hazard to the pile. For
this reason the safety rods can be automatically released when the pressure
changes beyond set limits.

A continuous indication and record of the temperature of the discharge
water leaving the pile is provided. Although normally the temperature ofthe exit water of an individual tube is measured only periodically, arrange-
mfnts can be made for a continuous measuremnt of the temperature if diffi-
culty with the flow through a particular tube is suspected.

In addition to provision for pressure and temperature monitoring instru-monts, each cooling tube is provided with a sampling cock through which water
can be withdrawn for examination of its radioactivity or for chemical analysis.

A complete description of the instrumentation for water monitoring isgiven in Chapter VII of this section of the manual.

Coolinr flring Shutdown D LA INE
To minimize thermal strain on the pile structure, a normal shutdown pro-ceeds with a gradual decrease in the power level. In an emergency shutdownthe power level is lowered rapidly by dropping the safety rods. In such acase, however, the power level does not drop instantaneously because of thetime required for the decay of the delayed neutrons. Even after the chainreaction itself has essentially stopped, the mtal continues to liberate en-ergy in the form of beta and gamma radiation. Because the energy of theseradiations is transformed into heat, cooling of the pile is necessary evenafter it is shut down. The rate at which heat continues to be generated forvarious times after shutdown is shown in the Borst-Wheeler curves of Figure 7.It can be seen from these curves that 20 minutes after a complete shutdownthe heating continues at a rate equal to about 1.6% of the rate at which itwas being generated during actual operation, and two days after shutdown therate is still 0.5% of the operating rate.

Although provision is necessary for water cooling of the slugs for anindefinite period after shutdown, the normal water rate need not be main-tained. At these times the average water pressure in the inlet manifoldsIs reduced from the operating level of 350 lbs./sq.in. to about 50 lbe./sq.in.This changeln pressure results in a 75% reduction in the rate of flow..
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Only a very snall flow is necessary to remove the heat generated in a tube
(uring discharging of slugs. Special provisions have been made for obtaining
a pressuri differential of about 30 inches of water, required for maintaining
this flow. The control of the water flow during the discharge operation is
discussed in Chapter II of this section.

Water Supply under Emnrgency Conditions

Any condition which interferes with the continuous supply of water to a
pile requires that the pile be shut down as rapidly as possible. Furthermore,
it is necessary to provide an emergency supply of water to remove the heat
which continues to be generated.

In case the electrical power to the high head pumps fails, the drop
safety rods are automatically released and the steam driven pumps supply the
water. To maet such an emergency, the electrically driven pumps are equipped
with flywheels which continue to drive the pump even after the electrical
power is removed. These flywheels maintain the flow rate above approximately
75% of tha original for 20 seconds after power failure. This flow is ade-
quate during the initial critical period when heat is being generated by
fission through delayed neutrons. .

In the event of electrical power failure of any other pumps in the watersystem, the pile can be operated for several hours on water which can bedrawn from the various storage reservoirs. Auxiliary steam driven pumps areinstalled-as stand-by equipment for all electricaily driven pumps. However,these pumps have capacity adequate for cooling the pile only in the shutdowncondition.

In case of the failure of both electrical and steam power, water isobtained from two 300,000-gallon high tanks provided for each pile. Thesetanks, which are 120 feet above ground level, are-connected through checkvalves to-the two 20-inch headers at the inlet ofithe pile. Whenever thepressure in the headers falls below 65 lbs./sq.in., water from the high tanksautomatically flows into the pile inlet headers. In the event of abruptfailure of both steam and electrical power, the flywheels of the electricallydriven pumps supply water for about 30 seconds, after which time the hightanks maintain adequate flow for about 2 hours. During this period arrange-ments can be made for transferring up to 20,000 gal./min. of water fromadjacent areas.

-ELIUM SYSTEM

Promotion of Heat Flow

Most of the heat developed outside of the active slugs misi be trans-ferred across gas filled gaps before it can be removed by the L1ing Watvr.These gaps-are present because of clearance that must be providel :n

Rl 5/45 
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construction of the pile, either to provide space for thermal expansion or to
avoid machining to impracticably close tolerances. Since the thermal resist-
ance of the gas filled gaps constitutes a large fraction of the total resist-
ance to the flow of heat into the water, the use of an atmosphere of helium,
which has a high thermal conductivity, results in a large reduction in the
temperature of the graphite, shields and control rod thimbles, relative to
the cooling tubes.

The temperature of the graphite itself is not considered to be particu-
larly critical. It is thought that an increase in graphite temperature may
actually result in some increase in the multiplication factor. Higher
graphite temperatures are also advantageous in reducing the relative expan-
sion of the shield and the pile.

The temperature of the thermal shield blocks is critical because it
determines.to a great extent the temperature of the inner face of the
biological shields. If the temperature of the inner face becomes much
greater than that of the outer one, the biological shield tends to warp or
bow. This could result in a rupture of the helium gas seal which is around
the outside of the biological shield.

Circulation System

Helium is continuously circulated through the pile at a nominal rate of
1800 cu.ft ./min., measured at 0* C and atmospheric pressure. The circulation
system is shown diagrammtically in Figure 8. The pressure rise across the
blowers is about 5 inches of water. The system operates between a maximum
pressure of about 8 inches of water and a minimum pressure of 1 inch of water.
The pressure existing at any particular point in the main circulating stream
can vary over a range of 3 inches of water. The driers operate by adsorption
of water on silica gel. In the purification system, the impurities are
removed by adsorption on activated charcoal under conditions of high pressure
and low temperature.

The helium circulation through the pile is shown in Figure 9. Helium
enters the pile area through a 24-inch horizontal duct, located about 15 feet
below the thermal shield blocks at the base of the pile. This duct makes one
turn beneath the pile and discharges into the center of a 24-inch header
located near and parallel to the charging face of the pile. The gas flows
from the header upwards through slots and into the bottom of the 4-inch wide
space which is left between the thermal and biological shields at the charg-
ing face of the pile. The helium then works its way through the cracks
between the thermal blocks, after which it streams through the channels
provided in the graphite structure in a direction to-current with the water.
It then flows through the gaps between the thermal blocks at the discharge
face of the pile, and discharges into the 4 -inch space left between the
thermal and biological shields at the discharge end of the pile. From this
space the helium enters a discharge header and leaves the pile through
another 24-inch diameter duct.

The graphite blocks in those layers which contain active metal, are laid
with their long axis parallel to the tubes. These blocks have a 0.39-inch
chamfer cut at each of the four corners along the long axis. Blocks not

R 5/45 -519 -

mn



0 0

I-

IF

0

DISCHARGING FACE

T-I

CHARGING TACE

BUILDING NO.105

L i

COOL 1 -E R BLOWER.

MAIN CIRCULATING

SYSTEM

FILTER &

PURIFICATC
SYSTEN

S

TANK CAR

HELIUMI
HIGH & LOW
PRESSURE

TANKS

AUTOMAiIC PRESSURE
CO TROLS

RYING VENT TO STACK

UNITS

K BUILDING NO. 115

SCHEMATIC DIAGRAM OF THE HELIUM SYSTEM

I
p

STORAGE

1
0

0

.

k 

a(n
M
pu

Mn,'
in)
n1

m

Clm

0

En
Ut

pI
in



HW-10475-SEC. B

COMY NO. 63 SERIES f

FIGURE 9 ,

HELIUM CIRCULATION THROUGH PILE

III II

THERMAL SHIELD

SHIELD

PARTITION

OUTLET

TUBES % GRAPHITE
TUBES T

GHAM#FERS FOR HELIUM

TBE _ GRAPHITE 
EE

-II
;IcI

HELIUM PASSAGE

IfI

t
INLET

ssiRUI
- 521-

a

mow

-li- -



- HW-10475-SEC. B

COPY NO. 6 SERIES C

D CI ELIUM SYSTEM

containing cooling tubes are laid with their long axis horizontal and perpen-dicular to the tubes. These blocks are not chamfered. The chamfers of theparallel blocks provide a large number of triangular shaped channels whichextend through the entire graphite structure. The average helium velocitythrough these channels is about 5 ft./sec. when the pressure drop throughthe graphite and through the thermal shields is maintained at about 1 inchof water.

of the 16,000 cubic feet of gas in the pile, about 60% is located in thepores of the graphite and 30% in the pores of the Masonite of the biologicalshield. There is no positive circulation of helium through these pores.Consequently, displacement of air from the pile is a gradual process limitedby the rate of diffusion of air out of the pores. - Because the air in theMasonite has to diffuse through a rather tortuous path to reach the main
helium strea, ignifican amounts of air may be present in the biologicalshield after several months of operation.

Heat Removal by Helium

The temperature of the hlium entering the pile is determined verylargely by the temperature of the surroundings near the inlet ducts. Thehelium leaving the pile is at a temperature close to the average temperatureof the discharged water. It is anticipated that the heat removal by heliumunder normal conditions will be less than 50 kw., or 0.02% of the total heatgenerated in the pile.

The elevation of the graphite temperature above the local water tempera-ture is proportional to the local rate of heat genei'ation. At the center ofa cylindrical. pile containing 1500 tubes operated at 250 megawattstnter-
erature dtop across the nominal helium gap between the graphite and the tubeis about 409 0, if the tube is centered in the hole in the graphite. Thetemperature at the center of a new graphite block, located at the center ofthe pile onthe diagonal between two cooling tabes, is an additional 80 Chotter if there is negligible clearance between adjacent blocks, but thistemperature increment will increase many fold as the thermal conductivity ofthe graphite deteriorates under the influence of radiation. A temperaturerise of about 0.60 C is introduced by each 0.001 inch of gap surrounding the

block.

Detection of-Water Leaks

The presence of a leak in a cooling tube is indicated by a hi6h moisturecontent of the discharged helium. Two features have been incorporated toassist in the location of defective tubes. The 4 -inch space between the
thermal and the biological shieldc at the discharge-end of the pile is di-
vided by partitions into ten vertical zone- through which the helium flows
downwards to-the discharge duct. It isbefleved that this method of iso-
lating the helium flow into zones on the discharge face will assist in
locating the leaky tube by limiting the location of the tube to the zone
showing the highest moisture content. To improve the efficiency of detectin
each graphite block which carries a cooling tbe hasja nffuter of 1/4-inch

R 5/45 
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holes (weep holes) drilled from the various chamfered surfaces of the block
to the bore of the hole. These weep holes facilitate rapid diffusion of
water vapor from the point of leakage to the channels which carry the helium.
The weep holes are shown in Figure 1, of Chapter IV, of this section of the
manual.

Re mzva of Dleconmositt on Products

t is estimated that the radiation incident on the biological shield
causes chemical decomposition of the Masonite with release of 25 to 50
cu.ft./day of gases consisting largely of hydrogen, water vapor, carbon
dioxide, and carbon monoxide. These gases work their way through the joints
between the component parts of the biological shield and through various
seams until they are ultimately picked up in the helium stream.

Activity of Helium

Pure helium develops no radioactivity in passing through the pile. The
presence of impurities such as nitrogen or carbon dioxide in contaminating
air or the gases evolved in the biological shield results in only a smallamount of radioactivity. Of serious concern, however, is the activity
acquired by the argon which is present as a component of air. It is the
function of the purification system to remove the air and other gaseous
impurities which appear, in order to prevent build-up of dangerous radiation
intensities. The removal of these contaminants from the helium is describedin Chapter X of this section.

DECLASSIFIED
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HAINhORD ENGINEE WORKS TECBfIOAL MANlUAL

SECTION B - PILE

CHAPTER VI - CONTROL OF THE PILE REACTION

The purpose of a pile is to produce product by nuclear reactions. For
these reactions to take place as desired, it is necessary that a tremendous
number of f-eutrons be produced and that the rate of neutron production be
accurately controlled at all times. This chapter covers the operating and
safety controls employed in the Hanford piles.
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CONTROL PRINCIPLES

Neutrons are produced in the pile by a self-perpetuating reaction which
may be originally instigated by one of the stra neutrons that pervade all
space. This neutron reacts with an atom of 92 3, splitting it into two
atom fragments and liberating on the average 2.3 new neutrons. For identity
purposes, these are called first gen ration neutrons. Some of these first
generation neutrons react with 92U239 to produce the product, others are lost
by parasitic events such 'as reaction with the graphite, while the remainder
react with 92u235 producing second generation neutrons. It is apparent that
if there are not too many parasitic reactions, the second generation will be
more numerous than the first. The neutron population in th~ pile can thus
grow until some event comes into play that reduces the numb born in any one
generation to a number equal to or less than that born in t preceding
generation. This event can be the depletion of the supply f 92U235 atoms,
or it can be an increase in one of the parasitic processes. In the Hanford
operation, the primary method of controlling the neutron population, and thus
the power output of the pile, will be to control the parasitic reaction.
This is accomplished by introducing into or withdrawing from the pile a
material, boron, that readily reacts with neutrons, but does not in turn
liberate new neutrons.

DRFINITIONS OF TERMS S SIFIED

Multiplication Constant

As has just been explained, if the number of neutrons produced in one
generation were greater than the number produced in the preceding generation,
the neutron population would increase. If-the numbers were exactly equal,
the population would remain unchanged and if less/-the population would die
out. The ratio between the number of neutrons produced in one generation and
the number produced in the preceding generation is called the multiplication
factor or "k".

Excess k or ke

It is frequently convenient to use the term "excess k" or "ke" which is
the multiplication factor_ k diminished by unity. Thus a k of 1.001 is
equivalent tb an excess k of 0.001. Excess k is frequently expressed in per
cent; for example, ke = 0.1% = 0.001.

Period

The pile "period" is a measure of the rate at which the neutrons in the
pile (or the power output of the pile) increases or decreases. Mathemati-
cally, the period is the length of time in seconds required for the pile

- 6o3 -
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power to increase or decrease by a factor of e = 2.71828. Thus if the pile
period is short (on the order of 10 seconds), the-power output is changing
rapidly and if the period is long (on the order of 10,000 seconds), the power
output is changing slowly. Actually the pile period does not remain constant
after a change in ke -but increases asymptotically to a steady state value,
which for practical purposes is reached after a minute or so. The true
period is the asymptotic value which is two or more times greater than the
period as measured within a few seconds after a change in ke.

If all of the neutrons born In the pile were released immediately during
fission, the initial rate of increase in the pile'reaction instigated by
partially withdrawing a control rod would continue at an undiminished rate.
However, some 0.6% of the neutrons are released up to several minutes after
the fission process._ The effect of the delay of these neutrons on the reaction
rate is negligible during the first few generations after the control rod 
change and--the pile reaction rate increases exactly as if all neutrons were
born during fission. This condition does not last since the delayed neutrons
resulting from the first generation fissions cannot participate in the
multiplication process until some later time. This delay produces the
slowing of the reaction rate to the asympototic value.

In measuring the pile period, it is seldom convenient to wait until the
power output has changed by exactly 2.71828. -The following formula can be
used to determine the period for any change in power output:-

1) p -t/T

2) __ _ EC ASIFE
1n-

p0 -
where:

po is the initial power output
pl is the power output t seconds later
T is the period- in seconds

The factor 2.71828 used in defining the pile geriod was chosen in orderto simplify certain mathematical relations between- pile power, multiplication
factor, and other expressions. A factor of two or a factor of ten could have
been used, but conversion factors would have been required in order that suchperiods could be used in the formulae. Since many people are more familiar
with the factors two and: ten than with e, it- may be helpful to show therelations between these values and e. For examplep from the formula above,it can be calculated that when the e-period is 10 seconds, the length of time
required for the power to be changed by a factor ofttwo is 10 ln 2 .r 6.93
seconds and-for a factor of ten is 10 ln 10 or 23 deconds.

Inhour

Another term used to denote the rate of change of the power output of a

- 6o4 - -
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pile is the inverse hour or inhour. When the period is greater than about
100 seconds, the inhour is the reciprocal of the pile period expressed in
hours. For example, the inhours of a pile when the period is 200 seconds
are:-

1 18
200
76d5

The exact mathematical description of an inhour is given in Chapter II.
Inhours can be converted to excess k by multiplying the number of inhours by
2.4 x 10-5. This gives only the approximate value.

Mathematical Examples

The multiplication constant k or k and the period, which is a way of
expressing the change in reaction rate of a pile, are related by a simple
formula. For values of ke in the normal operating range, less than about
0.001, this expression is approximately

0.1
T

in which the numerical term 0.1 represents the average lifetime in seconds of
a neutron generation. For values of k0 greater _than about 0.001, the average
age of a generation is reduced due to the preponderance of instantaneous
neutrons present at any one time compared with the number of delayed neutrons.
Thus, changes in Ike in this zone produce proportionally greater changes in
the pile period than are obtained when kt is less than 0.001. The expected
relation between ke and period for the Hanford pile is given in Figure 1.

It is expected that the Hanford pile, when completely loaded with metal
and the tubes filled with water, will have an available excess k of about
0.01. If the pile were allowed to react with this amount of excess k, its
power output would increase with almost explosive violence. This can be
illustrated by the following example. When a pile is completely shut down,
the natural production of neutrons by uranium corresponds to a power output
of about 10 watts. If the pile is then started by removing all of the
control rods so that ke = 0.01, the rate of growth of the pile will be such
that the pile period is 0.4 seconds. On calculating, it is found that the
pow'er output 10 seconds after the rods were pulled out of the pile would be:-

Pi 2 (104)(elO/0.4 ) watts = 1000 kw.

Three seconds later the power output would be 1,000,000 kw. It is not
contemplated that the pile reactivity will ever be allowed to increase at
such a rapid rate. A more reasonable start-up rate would be obtained by
allowing the pile to have an excess k on the order of 0.002. This would be
obtained by partially removing a control rod. As an example, the length of
time required to start a pile from a dead cold level (p. a 104 watts) and
obtain a power output of 250,000 kw. using k = 0.0016 is as follows:-

- 6or - m
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From Figure 1, T = 30 seconds

In equation 1) 250,000,006 = (10-)(.t/30)

2.3 log 250,000,000 x 104 = t/30

t = 2700 seconds, or 45 minutes

DESCRIPTION OF PILE CONTROLS

In the introductory pages of this chapter the terms that are most
frequently used in describing pile control were defined and a few mathemati-
cal relations between these terms were given. The thiee types of controls
used in the Hanford piles will now be described. These are designated as
regulating rod control, shim rod control, and safety control. Figures 2 and
3 give therelative location of these contr-olar inthe pile structure.

Regulating Rods

The function of the regulating rods is to control the pile power output.
This is accomplished by pushing into or withdrawing from the pile a rod
containing boron, which is generally constructed as shown in Figure 4. This
rod, which is about 75 feet long, comprises two sections, each approximately
one-half the total length of the rod.

Only the front section of a regulating rod enters the pile. The
essential parts of this section are:-

1) The neutron absorbing elements comprising a mixture of aluminum
and boron which has been flame sprayed onto the outside of
three aluminum tubes.

2) The tubes mentioned in 1) through which water is forced at the
rate of about 10 gallons per minute in order to carry away
apfroximately 50 kw. of heat generated in the rod.

3) The outer aluminum casing that gives rigidity to the bstructure.

The rear section is primarily a mechanical linkage between the section
of the rod that enters the pile and the drive and water supply. It comprises
a continuation of the water tubes and supporting structure and a rack that
engages the pinion of the driving mechanism.

the rod enters the pile through a specially constructed hole in the pile
shield, the details of which are shown in Figure 5. Escape of helium from
the pile isprevented by lining the hole, ti'rough which the rod travels into
the pile, with an aluminum tube of rectangular cross section. Differential
motion between the pile shield and the graphite up to about 1/2 inch will not
pinch or otherwise damage this tube, due to the clearance that has been left
between the tube and the graphite.

- 607 - Ua
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The clearance between the hole in the shie)d and the rod is nearly 1/8inch in order to insure freedom of motion of the rod. This wide clearance
allows much radiation to escape into the rod room during the operation of the
pile. However, during this period personnel are excluded from the rod room.
When the pile is not operating the escape of radiation is below tolerance
level.

The aluminum metal in the control rods becomes radioactive when exposed
to the pile neutrons. As long as the rods are inside the pile, the radiation
emitted from the active aluminum is absorbed by the pile structure and by the
shield. When the rods are withdrawn they initially emit into the rod room
about 10,000 r/hr. This activity decays very rapidly so that after about a
week, the activity is such that the rod can be approached to within a foot or
so without obtaining a tolerance dose in 8 hours.

Shielding from the intense radiation given off by a control rod imedi-
ately after it is withdrawn from the pile is obtained through use of extra
thick walls for the room surrounding these rods. This is an additional
reason for excluding personnel from the room during and for some time after
normal operation of the pile.

The rack section of the rod extends through the rear wall of this room
into the room that houses the rod drives., Clearances between the wall and
the rode have been made small in order to reduce to a minimum the radiation
leakage through these gaps. Covers made of lead are provided for this
opening and for the opening in the pile shield through which the rod passes.
These are provided to reduce the amount of radiation that would otherwise
stream through the openings after removal of the rod far repair or inspection
purposes. The covers are pushed into place by a remotely controlled
pneumatic device.

The regulating rods are equipped so that they can be remotely operated.
For remote manual operation, the drive is a differential, one side of which
is connected to an electric motor that will drive the rod at 1 in./sec.
(forward or_ reverse) and the other side of which is connected to a motor
that will drive the rod at 0.01 in./sec. (forward or reverse). In the event
that these speeds do not give the desired rate of response, change gears
have been provided that will allow rod speeds of 0.02, 0.04, and 0.1 in./sec.
for the low, and 0.5, 1.0, 2.0, and 7.0 in./sec. for the high speed drive.
The regulating rod drive is illustrated in Figure 6.

Two regulating rods have been provided. It is expected that only one
will be used during normal operation and the other will be held in reserve
as a spare. The shim rods, which will be described next, are identical in
construction with the regulating rods. _ Thus, if required, the drives could
be interchanged and one of these rods used for regulation.

Shim Rods

In order that the pile may be adequately controlled it is necessary that

612-
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provision be made to neutralize about 1.7% excess k. If a single regulating
rod were used to compensate the entire amount, it would have to be about
5 feet in diameter. By using nine rods instead of one and spacing them as
shown in Figure 2, very much smaller rods (about 3 inches in diameter) can be
used (see Figure 4). The convention has been adopted of designating as
regulating rods the two rods that can be used to control the minute to minute
power output of the pile. The remaining seven rods have been designated as
shim rods._ It is expected that the shim rods will be used for:- (a) start-
ing and stopping the pile reaction, (b) as a reserve supply of excess k
control over and above that contained in the regulating rods, and (c) as
safety rods that can rapidly stop the.pile reaction in case of an emergency.

The shim and regulating rods enter the left face of the pile, as viewed
from the charging end, and are spaced approximately 5 feet apart on a grid
pattern as shown in Figure 2.

The shim rods are provided with a hydraulic drive. The essential
features of this drive are:- (a) an electrically driven oil yump which is
capable oftsupplying oil under a pressure of about 1000 lbs./sq.in., and
(b) a hydraulic motor connected to the rod rack. A selector switch can be
set to move the eccentric of the pump so that:- (a) oil is pumped through
the hydraulic motor driving the rod in at a speed of 3 in./sec., (b) oil is
pumped in the reverse direction through the motor, withdrawing the rod at a
speed of 3 in./sec., or (o) the oil flow (external to the pump) is zero,
allowing the rod to remain stationary. In addition, a weighted hydraulic
accumulator is provided. This stores sufficient oil under high pressure for
driving all seven shim rods into the pile at once at a speed of 30 in./sec.
Figure 7 is a schematic representation of this hydraulic drive. Interlocking
machanisms have been provided so that only one shim rod can be withdrawn from
the pile at one time. This is a safety feature provided to reduce the chance
of starting the pile with a rate of power increase greater than that actually
desired by the operator.

)rop Safety Rods

The drop safety rods are provided primarily to shut down the pile in
case of an emergency which may result in the water boiling or being otherwise
driven from the tubes. If this should happen during the operation of the
pile, k would be increased from 1.000 to 1.025, thereby increasing the
reaction rate at such a tremendous rate that the pile would literally explode.
In order to guard against this catastrophe, 29 safety rods have been so
placed above the pile that they can be dropped into the pile in 2 to 2 1/2
seconds after the emergency signal has been given. These rods have suffi-
cient size and are spaced in such a manner that they will reduce k by 0.038.
Even if two or three of these rods fail to act, sufficient excess k should
be subtracted from the pile by the remaining rods for the pile to shut down
rapidly, and remain shut down even though the water subsequently boils from
the pile. -

The drop safety rods are tubes of steel (containing 1 1/2% of boron)
having a diameter of 2 1/4 inches, a length of 35 feet, and a wall thickness

of 3/16 inches. The bottm and top of the tubes contain steel plugs which

a-- 614 -
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reduce the amount of radiation that would otherwise stream out of the pile
when the rods are in the "in" or "out" position. The special plugs through
which the safety rode enter the pile are shown in Figure 8. During the time
that the rods are only partially inserted into the pile, an extremely intense
radiation leaks into the area immediately above the pile. If the length of
time thatrthe rods are in this intermediate position is only 2 to 2 1/2
seconds (the normal dropping time), persons in this area will receive only
one tolerance dose. If a rod should stick half way in the pile, greater than
tolerance dosage will be received. The method for dealing with such a rod
will be discussed in Chapter XII.

The -drop safety rods normally will be suspended above the pile with the
lower end of the rod coinciding with the bottom face of the top thermal shield.
In this position, the rod plugs the shield opening and reduces radiation
leakage through the opening to a tolerable value. The rod is suspended by
two cables that are wound right and left handed around the barrel of the
winch, which is supported some 40 feet above the top of the pile. With this
method of suspension, the rod can be raised or lowered without changing the
point of effective support of the rod with reference to the opening in the
pile. The winch proper comprises a braking motor, a magnetic clutch, a winch
drum onto which the two cables previously mentioned are wrapped, and a
hydraulic pump which acts as a brake to snub the fall of the rod as it nears
the bottom of, its fall. The rod is tripped by de-energizing the magnetic
clutch which allows the drum (and hydraulic pump shaft) to turn freely due to
the gravitational pull on the rod proper. As soon as the winch has unwound
so that the rod is 10 feet beyond the center of the pile, a mechanical device
starts to close the exit port of the hydraulic pump, thereby braking the rod.
The rod ip completely stopped by the closing of this port. The rod can be
withdrawn from the pile or lowered into the pile by energizing the clutch and
driving the electric motor in the appropriate direction. Also the rods may
be dropped into the pile from any point of travel as they are being removed.
The rod is held in the out position, or in any desired intermediate position,
by an automatic brake in the motor. The arrangement of the safety rods is
illustrated in Figure 9.

No provision has been made to cool the drop safety rods other than by
natural conduction and convection. For this reason, it is imperative that
all rods be completely removed from the pile when the pile is operating,
otherwise the neutron reaction with the boron in a rod would soon heat the
rods to an undesirably high level (5000 C or so). As was the case for the
shim and regulating rods, aluminum wells or thimbles have been provided in
the pile for the safety rods to drop into.

Third Safety Device

There is always a chance that the pile may shift or that other events
may take place to prevent the desired number of drop safety rods from enter-
ing the pile at the time of impending water failure. The possible conse-
quences of such failure justify the use of another safeguard which acts even
though the pile has shifted. The device forces 1 to 1.5% borax solution into
the safety rod wells in 4 seconds. It may be tripped either manually from
the control room, or by low water pressure in the risers supplying the pile.

-616 - adw
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The equipment includes a group of five tanks placed directly on top of
the pile. Each tank has a liquid capacity of 105 gallons. The liquid is
kept under an air pressure of 75 lb./sq.in. Each tank discharges, when the
device is tripped, into a group of six safety rod wells. The discharge
takes place through a quick acting valve which is operated by the pressure
of the solution itself. This main valve is controlled by means of a pilot
which in turn receives its impulse either from the control room or from
low water pressure in the risers.

In addition to the five supply tanks, a solution make-up tank is
located in the elevator apparatus room and is permanently piped to the five
supply tanks. Adjacent to the make-up tank are two compressed air units to
provide the pressure for the five supply tanks. One unit is active, the
other is a spare. Drains are provided so that any of the tanks may be emp-
tied without discharging solution into the safety rod thimbles.

With either method of tripping the device, the flooding of the rod
wells can be carried out whether the vertical safety rods are in or out.
It is equally possible for the flooding of the wells to occur simultane-
ously with the fall of the vertical safety rods.

Provisions have been made in the well arrangement to permit the re-
moval of the solution from the well. When this operation is to be carried
out a pipe plug in the rod guide flange is removed and a flexible 1/4 inch
tube (either Saran or soft copper) may be inserted all the way to the
bottom of the vell. By applying air pressure to the top of the well, the
solution may be ejected through the tubing. This action may be supple-
mented by applying suction to the tube. To assist the removal operation,
an air seal is provided for each rod well which may be readily attached
when needed.

CONTROL EFFETVNESS OF INDTVIDUAL RODS

The reduction in reactivity produced by the insertion of a regulating
or shim rod into the pile depends upon the location of the rod in the pile,
the number and location of other rods in the pile, and upon the amount of
permanent poisoning in the pile. The effect of a rod varies from about
30 to about 60 inhours (0.00075 to 0.00150 k). Since the reduction in re-
activity is determined by the square of the neutron density in the zone
where the rod is placed, the reduction obtained is not linear; a displace-
ment of the control rod when the tip is near the middle of the pile produces
many times as great an effect as when the tip is near one edge. Figure 10
gives the general shape of the curve describing the reduction of reactivity
as a function of the location of the control rod tip. The exact form of
this curve is influenced by the same factors which influence the total ef-
fect of a rod.

The insertion of a control rod into a pile not only reduces the neutron
density at the rod surface, but also reduces the neutron'density for a region
of 3 or 4 feet around the rod. The neutron density is increased at greater

/ -619 -
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distances from the rod. For this reason, the effectiveness of any rod
varies, depending upon what other rods are also in the unit. When two rods
on opposite corners of the shim rod pattern are inserted simultaneously in-
to the pile, the reduction in k is greater than the sum of the reductions
produced by each rod alone. On the other hand, when two adjacent rods are
used simultaneously the total reduction in k is less than the sum of the
reductions produced by each rod alone. For this reason, calibrations of
the various rod arrangements can only be obtained experimentally.

OPERATION Or THE PIIE

The controls that are provided for the Hanford pile have been described
and some mention has been made of what each was supposed to accomplish.
Following this paragraph the use of these controls in operating a pile is
described. This is done by describing a start-up, operation, and shutdown
of a pile.

Start-up

It ia assumed, in this example, that the unit to be started up has
been shut down for 24 hours. The excess reactivity at the time of start-up
depends somewhat on the previous history of the unit (see Chapter XIII for
details). For the sake of definiteness, the excess is taken as 200 inhours
(0.0048 k). Because of changes which are going on in the pile (see
Chapter XIII) the reactivity is increasing at the rate of about 17 ih./hr.
It is also assumed that all rods have been inserted into the pile and all
instruments and controls have been checked to make sure that they are func-
tioning.

The drop safety rods are withdrawn. This should produce essentially
no change in the power output of the pile since kis still below 1.000
(actually about 0.990). It is known from previous experience approximately
how many rods will be needed to just hold the pile. The regulating rod is
withdrawn halfway and the shims are then withdrawn one by one. As the
condition at which the pile will become reactive is approached the rods are
withdrawn more cautiously. After sufficient rods have been withdrawn so
that k has become greater than 1.000 and the instruments indicate that the
power is rising, an adjustment is made with the regulating rod so that the
power doubles in value in every 20 to 40 seconds. After the power has be-
come greater than 1000 k. the rate at which it is rising is adjusted from
time to time by a movement of the regulating rod. Due to a combination of
effects, the regulating rod must be moved slowly inward during the rise to
power. The inward motion of the regulating rod be comes more rapid after
the pile is leveled off at full power. When it is nearly all the way in,
it is withdrawn and a shim rod is substituted for it. This process must
be repeated several times until the reactivity of the pile reaches a max-
imum at about 6 hours after startup. After this maximum has been passed,
the above-procedure is reversed and rods are withdrawn over a period of
time until a steady condition is reached in which the regulating rod alone,

--- - 621 -
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or perhaps one shim in addition to the regulating rod, remains in the pile.

Operation_

As long as k remains at unity, the power output of a pile remains
constant. In order to raise the power output the multiplication constant
must- be increased to some value greater than unity by partially withdrawing
a regulating rod from the pile. The greater distance the rod is withdrawn
the greater is the rate of rise in power. In the example following, it is
assumed that the pile has been operating at the constant power output of
1000 kw. and it is desired to raise the power to 1500 kw. The regulating rod
is withdrawn from the pile 10 inches, producing an increase in k of 0.0001.
According to Figure 1, the power eventually increases with a period of 1000
seconds. Initially, however, the power increases at a somewhat faster rate.
An approximate equation for calculating the increase in power that takes
place in the first fraction of a second is:-

p0
PO+ 100 ke

Substituting po w 1000 kw. and ke = 0.0001, we find that the power output
immediately after the rod is withdrawn 10 inches is 1010 kw. During the next
20 seconds, the power increases according to the following approximate equa-
tion, where t is the elapsed time in seconds.

P2 0 (2okt)

The power p2 after 20 seconds elapsed time would be:-

1010 e(400ke) or 1050 kw.

If -o further control rod adjustments were made, the pile power would
increase to 1500 kw. in about 760 seconds. It is expected that after the
power output reaches about 14150 kw., the rate of power increase would be
diminished by pushing the rod into the pile a few inches. Additional
incremental adjustments would be made so that when the power output reached
1500 kw. the control rod would have been pushed back the entire 10 inches to
the place where k was again unity. The pile would then continue to operate
at this level until another change was made in k._

In the above example, the power output was so low that changes in the
pile reactivity with power were neglected. The following example is more
representative of conditions encountered in actual practice. The original
power level is 240,000 kw. and it is desired to raise the power to 250,000
kv. Before the change the pile reactivity is in a steady state and the re-
gulating rod is moving at the rate of only a few inches per day. The control
rod is withdrawn 15 inches and the power begins to rise very much as in the
preceeding example. However by the time the power reaches 250,000 kw. the
increased metal temperature has reduced the reactivity by 2 inhours. For
this reason, the rod will be further out just after the pile has leveled at
250,000 kw. than when it was leveled at 240,000.- The temperature of the
graphite approaches its new value gradually over -a period of an hour, and
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as this occurs the reactivity of the pile increases and the rod must be moved
in. The change of power sets up a transient change in the xenon poison which
continues over 1 or 2 days before a new steady state is reached. Figure 11
shows the rod motions described above.

Two speeds of control rod motion have been provided. If small changes
in power output are indicated, the low speed is used; if larger changes are
required, the high speed is used.

Shutdown -of the Pile

Normal

The pile reaction can be shut down by running the regulating rod and
shim rods into the pile using the regular operating drives. Shutdown can
also be obtained by manually tripping any one of the safety circuits.

Emergency Shutdown

Three different mechanisms have been provided for rapidly shutting the
pile down in case of an emergency. These are:- a) rapid insertion of the
shim rods using the hydraulic fluid stored in the accumulator, b) the drop
safety rods, and c) the so-called third safety which discharges borax
solution into the thimble wells of the drop safety rods. In addition to the
above, an annunciator system has been provided that will give a signal when
certain off-standard conditions develop.

The events that will trip these safety devices are listed below:-

1) Drive shim rode into pile.

a) High power output signalled from an ion chamber

>) Low level of hydraulic fluid in any one of the three
accumulators

c) Mnual push button

2) Drive in shim rods and also drop the safety rods.

a) Low pressure on chilled or unchilled water headers

b) High power output as signalled from any one of three
ion chambers

c) Power failure

d) Amnual push button

P 5/45
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3) Force borax solution into drop safety rod wells.

a) Extremely low pressure on inlet water headers

b) Manual

Any one of the following conditions, which represent abnormal operation,
will cause the sounding of an alarm.-

1) High or low water pressure on any one of the 2004
tubes in the pile.

2) Accumulator approaching a low or high level.

f) Low accumulator sump oil level.

4) Low pressure on cooling water to thermal shield.

5) Low water level in high tank.

6) Low flow on control rod cooling water.

DELASSIED

- 625 -- m
R 5/45



HW-10475-SEC. B

COPY NO. 6 3 SERIES C

INM~

DECASSIFIED

0EAPTl! VI - C0O*IWL CE lf HEPIL0 mEOTION

Alarms, 625
Borax solution, biO
Controls, 607

method, 603
principles, 603
use of, 621

Delayed neutrons, 604
Drive mechanism, 612, 614
Drop safety rods, 614

construction, 614
function, 614
operation, 615
shielding, 615
special plugs, 613

Effect-of delayed neutrons, 604
Effectiveness of rods, 619
Emergehcy shutdown, 6217
Excess "k", 607
Inhour, 604
"k", 603
"ke", 603
Mathematical Examples, 605
Multiplication constant, 601

Normal shutdown, 623
Operation, 621
Period, 60
Pile operation, 621
Principles of control, 607
Regulating rod, 607

activity in, 612
construction, 607
drive mechanism, 612
function, 6o7
shielding, 612

Rod effectiveness, 619
Rod room, 612
Safety device actuaction, 623
Safety rod, 614
Shim rod, 612

function, 614
drive, 614

Shutdown, 623
Start-up, 621
Third safety device, 616
True period, 604

- 626 -
5 5/45

=I



HW-10475-SEC. B

COPY NO. 6 3 SERIES C

-I INTOIXJCTION

OU LASSIED

HANFORD EGIER WORKS TECHNICAL MANUAL

SECTION B - PILE _

CHAPTER VII - CONROL POINTS AND INSTRUMENTS

It is-imperative that operation of the Hanford piles be maintained'oon-stantly at the peak of efficiency and safety, in order to produce a maximumamount of product in a minimum time. For this reason, and the fact that theprocess requires remote operation, a large amount of instrumentation has beenprovided. This instrumentation is described in the present chapter.
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CONTROL POINTS

The Hanford pile instruments and controls my be classified according to
function into two general groups:- a) power level measurement and control,
and b) auxiliary measurements and monitoring systems. Power level measure-
ment is important from a production standpoint because the power level is
directly proportional to the rate of product formation. The second group
includes measurements and controls designed to give supplementary information
regarding pile performance and to insure that no conditions exist which might
damage the pile or its equipment. Examples of the second group are cooling
water information, helium supply, and miscellaneous temperature measurements.
The principal measurement and control points of the pile are ahown in Figure 1.

The pile is operated from a single position, known as the control room.
In this room all the necessary controls and indicators are located. A plan
view of the control room is shown in Figure 2. This figure, and Figure 3
(a view of the main control panel), show the location of the particular items.
However, the instrumentation is discussed here in the order of function rather
than position in the control room.

-POWER !EASUREET

Significance

Power level measurement is most important because it affords a method
of determining the rate at which the product is formed. The amount of
product in the metal (necessary in arranging the charging and discharging
schedules) at any time can be calculated from the integrated power. It has
been established that a production rate of 1 gram in 24 hours generates
slightly more than 1,000 kv. Another important reason for measuring the
power output is to confine it within safe operating limits.

Zbthods of Y.asurement

The determination of the quantity of heat transferred to the cooling
water is the most direct method of measuring the power level of the pile.
The instruments which make this measurement are described in the discussion
of cooling water instruments. The requirements of satisfactory pile control,
however, are such that it is necessary to control the pile power by means
of variables which respond more rapidly than the temperature of the cooling
water. Since the instruments which measure the neutron flux in the pile are
fast operating, they are used as the primary control elements. Four main
types of neutron detectors are used:- ion chambers, neutron thermopiles,

EF3 counters and foils.

- 703 -
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i) I&N recorder operated by Beckman micro-
microamnter and neutron chamber under
the pile, Bookman #2

2) Iwa recorder operated by Beckman micro-
microammeter and chamber monitoring water
activity in the downoomer, Beckman #1

3) blti-point IAN recorder operated by
Bc i o ate and neutron
chambers. under the pile, Beckmcann 31 and 4.

4-5) Blank panels
6) continuous single-point recorder recording

position of regulating rod in uen
6A) T~sgle switch for selecting regulating rod

11 to'be recaded atC 6 1 . 1

7) Voltmeter and switch for measuring battery
voltage in galvanometer system

8) switches to by-pass first "out" limit witches
on shin rodes

9) Nine switches for cutting the 9 Selsyns in and

out of service

R 5/45

10) IUN circular chart recorder for differential
power level indicator

11-19) Nine Selsyns indicating the position of 7
shim and 2 reg. rods. Nag. rods are 11 and 13
Green light over each Selayn shows when rod is
all in, red light shows when rod is all out

20) rang, switch for differential power level
indicator

21) Shunt for level galvanometer
22) Duplicate Selsyn for f regulating rod

23) Ground glass Scale for level #2l ,'oomter
24) Ground glass scale for deviation galvanometer
25) Twnty-eight drop annunciator

261Dplcate Selsyn for 42 regulating rod
a7 shunt for deviation galvanometer
28S) Indicating mater for Beck=n #1
29) indicating meter for Backoman #2
50) Indicating meter for differential power

level indicator
,l) Indicating aster for Beckman #
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:Indicating meter for Backman 4
3) Push button to drive in the 7 shim rods at

high speed. Can be locked down with key34) Electric interval tice

35) Electric clock with sweep second hand
36) Push button operating #1 safety circuit. Can

be looked down with key
37) Alarm lights for discharge water monitor

,8) Indicating lights for doers into discharge
area at 0', 10', 20', and 30' levels

39) Switch to select regulating rod to be
operated

40) Duplicate of 39 for other control rod. Inter- C.,
locked so only I rod at a time can be operated L-.

41) Switch for high speed, low speed selection of C
- one regulating rod

42) Switch for direction selection of one rag. rod
4-) Switch for high speed, low speed selection of

other regulating rod
44J Switch for direction selection of other 1

regulating rod
45) Switch to move a shim rod in either direction.

Green light above switch indicates if Pump
controlled by this switch is in operation

46) Ten-point selector switch for selecting which
- of the 7 shim rods is to be moved '

47) Duplicate of -45 for second hydraulic pump

48) Green lights show when accumulator levels sre
above normal operating height

49) Amber lights show when the accumulator levels
are just below normal operating height

50) Red lights show when levels have dropped to a
point where the "low" annunciator flags drop

51) Five indicator lights show green when safety
rod power, shim rod power, #1 reg. rod power,
#2 reg. rod power, and instrument power are on

52) Keys for locking power off, on the above .5system

53;54&55) Fifteen key by-pass switches for by-
passing various safety circuits as necessary
during repairs and maintenance

56) control for withdrawing or lowering safety
rode individually or in- groups, dependingupon setting of Individual rod controls

57) Controls for tripping 29 safety rods individ-ually. Oron light above each control

indicates when rod -is in, and red light showswhen rod is out

58,59) Switches to turn on shim +od oil pmps
6o) Selector svtc to p lt "A' hole netron

cbamber on ither #2 okoan or thegalvanocoete ,r

61) wtch to operate both shim rod pumps simul-
termously to drive rods at twice normal speed

62) Pee t button for alarm lights (37)
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Ion ChambersD LASSIFI
An ion chamber is a volume of gas which contains two or more electrodes.

Ionization produced in the gas by radiation impinging on the chamber permits

a flow of electric current between the electrodes which is proportional to
the intensity of the ionizing radiation. When this current is amplified,
it can be recorded or made to control various mechanisms.

Inside an ion chamber for measuring neutrona the electrode surfaces
# are coated with a boron compound. An easily ionized gas such as argon is

sealed with the chamber. Neutrons striking the boron coated surface are
captured and cause alpha particles to be ejected into the gas filled space
between the electrodes. These alpha particles produce a large number of
charged gas fragments, called ions, which are attracted to the electrodes

of opposite charge. The electric current mentioned above is the result.

The primary neutron level indicator is a neutron ion chamber located
in Experimental Hole "A" on the far side of the pile. Current from this

chamber and hence the neutron flux is indicated on two galvanometers at the
main control desk. No. 1 galvanometer deflects in direct proportion to the

neutron flux while the No. 2 galvanometer indicates the deviation of the
flux from an arbitrary level. This differential galvanometer system functions

by passing the neutron chamber current through a known resistance and measur-
ing the voltage drop across this resistance with a Type X2 potentiometer. The

galvanometer indicates the difference between the resistor and potentiometer
voltages.

Since a neutron chamber is sensitive not only to neutrons but also to

gamma radiation, the "A" hole chamber has a background current which is
created by gamma radiation within the pile. In order to read the neutron
intensity only, a chamber which has no coating, and therefore is sensitive

only to gamma rays, is installed in Experimental Hole "D" and also delivers
current to the galvanometers. The "D" hole chamber is connected so that

its current is opposite in sign to that from the "A" hole unit. The ion
current due to gamma radiation on the two chambers can be made to be equal
by moving one of them in or out of its hole. In this way the background
current from the neutron chamber can be cancelled and small neutron inten-
sities can be detected.

rour additional neutron chambers located under the pile are used to
record neutron level ofthe pile and provide a means of operating the safety
circuits. The ion currents from three of these chambers are amplified by
Beckman micro-microammeters so that they are sufficiently large to drive
Micromax recorders and to operate relays to trip the safety circuits to

shut down the pile if the levels become too high. The micro-microammeters
also drive indicating meters at the control deskeo the readings can be con-
veniently observei by the operator. One neutron-chamber under the pile is

a spare unit to be used with galvanometers in cane "A" hole chamber fails.
None of the chambers under the pile are provided with arrangements for elim-

inating background currents due to gamma radiation.

A gamma ray chamber also serves to indicate-the pile level by measuring
the gamma radiation emitted by the pile discharge water which is passing

5/45 
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through the downcomer. The current from this chamber, like those from the
chambers under the pile, is amplified by a Beckman to operate a meter on
the control desk, a Micromax recorder, and to initiate the safety circuits
if undesirably high levels are indicated.

Neutron Thermopile

A neutron thermopile, installed on either "F" or "E" Experimental Holes,
detects neutrons by measuring the heat generated-in boron which is deposited
on the hot junctions of the thermopile. The heat produced is proportional
to the neutrot. intensity impinging on the device; therefore, the thermo-
electric voltage indicates the flux density. The thermopile voltage is
measured by either a sensitive amplifier or a potentiometer. When the latter -
method is used, a system equivalent to the No. 2/galvanometer is obtained.
The galvanometer located at the .control desk shows the difference between the
thermopile and potentiometer voltages.

BFz Counter

During an initial metal charging operation or for subsequent start-ups
of the piles, continuous monitoring of the neutron intensity at extremely low
pile levels is necessary. Fortunately, a method is available whereby indi-
vidual neutrons may be detected and counted. This method involves the use
of a BF, proportional counter inserted in one of the process tubes of the
pile or under the pile with the neutron chambers. The proportional amplifier
is located near the counter and the scaler and mechanical register are loca- -
ted in the control room.

The BF, counter tube is capable of emitting an electrical pulse for each
neutron or igamma ray that enters it. However, the design is such that neu-
tron pulses are considerably larger than those resulting from gaiMn rays and
the amplifier is arranged so that the larger neutron pulses are accepted and
passed to the scaler while the gamma ray pulses, if not too numerous, are
rejected. The scaler is an electronic circuit capable of reducing the number
of counts received by some factor, such as 512. This reduction is necessary
because the rate of pulse arrival is so high and irregular that a mechanical
counting device is not fast enough to count them directly. The actual number
of particles intercepted by the BF, counter is found by multiplying the number
of counts recorded on the mechanical recorder by the scaling factor (for
instance 512), and adding the counts still left in the scaler. The number -of
counts per- unit-time is proportional to the neutron density or power level.
An alternate method of. obtaining the same data involves the use of a pulse
rate meter instead of a scaler. By means of this electronic differentiating
device the rate of neutron pulse arrival is directly indicated on a meter or
recorder.-

Foils

During operation it is desirable from time to time to make direct meas-
urements of the neutron intensity by nuclear physical methods for calibration -
and other purposes. This may be done by exposing-thin foils of certain metals,
such as indium, to neutron bombardment inside the pile. This tieatment causes
the foil to become proportionately radioactive; the beta activity of the foil
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is then measured with a Geiger counter. From this information neutron

density can be calculated. Foils may be inserted in any of the six test

holes in the pile on the side opposite the control rods.

POWER LtVEL CONTROL

Method

In order to maintain the power output at the desired level and to

provide a means of shutting down the pile when necessary, a method of con-

trolling the neutron density is required. This is accomplished by inserting
into the pile the correct quantity of a material that has the property of

capturing a prtion of the free neutrons. The material used is boron, which

is applied as a coating on rods called control rods. If the rods are inser-

ted beyond a certain point, more rieutrons are absorbed than are manufactured

and the reaction falls off at a proportional rate. If the rods are withdrawn

beyond this point, the neutron "birth rate" will exceed the "death rate" and

the power level will increase exponentially. At some critical point the

power level remains constant; this is the position at which the rods are held

during operation. There are 38 control rods for each pile, distributed as

follows:- 29 safety rods, 7 shim rods, and 2 regulating rods. The safety
rods are located at the top of the pile and are completely withdrawn during

operation. Their principal function is to shut down the pile rapidly in case

of abnormal operation. The shim rods, located at one side of the pile, are
employed to make large adjustments of the neutron reporduction factor or "k".

They are also inserted into the pile in the event of abnormal operation. The

regulating rods, identical with the shim rods except for their drive mecha-

nism, are located at the side of the pile along with the shim rods. Their
function is to make fine adjustments of the neutron reporduction factor so as

to cause a small increase or decrease in the power level. They are used in

routine operation with manual control.

Safety fads

It is of extreme importance that provision be made for reducing rapidly

the pile power output in the event of abnormal circumstances which would

permit the power output to become excessive or would result in serious damage

to the equipment. In anticipation of such occurrences, 29 safety rods have
been provided. Any of a number of abnormal conditions break an electrical
circuit, which releases the holding mechanisms of all safety rods simultane-

ously. The details of these safety circuits are discussed later under a

separate heading.

Each safety rod is suspended by cables from individual winches which

are driven by reversible electric motors through a magnetic clutch. With
this arrangement, each rod may be raised or lowered slowly by its motor, or
the rods may be individually released from their motor drives to that they
fall into place by gravity. The controls for manual operation of the safety
rods are located at the extreme right side of the panel. A three-position
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switch for each rod is labeled "Trip", "Stop", and "On".

In the "Trip" position, the particular rod, through interruption of the
magnetic -clutch circuit, is released from the motor drive and falls freely
into the pile. When the control is switched to "Stop" the clutch is re-
engaged and the rod, if still falling, is brought to a halt. In the "On"
position, the magnetic clutch remains engaged but, in addition, the reversi-
ble motor circuit is connected to the master switch located at the top of the
individual rod controls. Movement of this switch from the neutral to the
"Up" or "Down" position moves all rods whose individual switches are in the
"On' position, in the corresponding direction. No combination of these
controls can prevent the No. 1 safety circuit from simultaneously releasing
all rods from their drives to fall by gravity into the pile. The extreme
"Up" or !'Down" position of each rod is indicated by the burning of a red or
green light over each individual control switch.

Shim Bods

As the name implies, the shim rods are used for "shimming" or "filling".
When all safety rods are withdrawn, it is necessary to have some of the shim
rods part way in the pile to absorb the excess neutron reproduction factor
and prevent the power level from getting out of hand. Actually, an inter-
locking circuit prevents the withdrawal of any shim rod until all safety rods
are pulled out of the pile. The shim rods may then be withdrawn one at a
time until the exact adjustment of the reproduction factor to unity falls
within the range of the regulating rods.

A second function of the shim rods is to effect a shut down (No. 2
safety circuit) when abnormal conditions occur. This function is covered
in the discussion on shut-down circuits in this chapter.

On one side of the pile are nine rods in a three by three pattern. The
two top outside rods are regulating rods, and the others are shim rods. All
nine rods are identical except in the drive mechanism; the shim rod drives
are hydraulic, while the regulating rod drives are electrically actuated.
The drive mechanisms for these rods are illustrated in Figures 6 and 7 of
Chapter VI in this section of the manual. All of these rods are water cool-
ed since they are partly in the pile during operation.

Msans for controlling the shim rod motion and indicating the positions
of the rods are available to the pile operator at the control panel. On the
sloping panel are a multipoint selector switch and three three-position
switches used in controlling the rod motion. Since only one shim rod can
be moved at a time, the selector switch is rotated to the point correspond-
ing to the rod. to be moved in or out. Two of the three switches control the
position of an eccentric on two oil pumps. Either pump or both pumps will
drive an oil motor to drive the selected shim rod. When one pump is turned
on, its dorresponding switch can be used to drive the rod. If both pumps
are operating, the third three-position switch is used to turn the oil motor
at twice normal speed and drive the rod at high speed.

The position of each shim rod is always precisely indicated by a device
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known as a Selsyn, which in principle is simply a synchronous motor driven
by a synchronous generator. The Selsyn transmitter is geared to the shimrod while the Selsyn motor is connected to a dial on the control panel.Electrical circuits connect the two parts together. Whenever the rod ismoved, the armature of the Selsyn transmitter turns and changes the phaserelationship of the electrical circuit which in turn causes a correspondingmovement of the Selsyn motor at the control panel. Thus any rotation ofthe Selsyn geared to the control rod is exactly repeated by the motor anddial at the control panel. The latter, calibrated in inches, indicates therod position within 0.1 inch. Indicating lights above each Selsyn at thecontrol desk show the extreme positions of the rods. A green light indi-cates that a rod is entirely in the pile and a red light shows that it iscompletely withdrawn.

Regulating ROds

After the neutron reproduction factor has been adjusted nearly to unitywith the shim rods, the regulating rods are employed to maintain a constantpower level and to raise or lower the power level as required. There are tworegulating rods, each equipped with manual controlling equipment. Only oneregulating rod is used at a time; the other serves as an additional shimrod, but can be used as the active regulating rod at any time, at the opera-tor's discretion. An interlocking circuit permits only one regulating rodto be moved at a time.

All the controls for moving the regulating rods are located on the right-hand sloping panel of the control desk. In the controls for a rod, the upperswitch is used to turn on the manual control. For control one of two rodspeeds is selected, using the switch at the bottom which connects the highspeed or low speed electrical driving mechanism to a circuit controlled bythe remaining switch. The latter switch is a three-position switch whichalways assumes the center or "off" position when not held depressed to the"in" or -out" position. The operator, therefore, must have his hand on thisswitch at all times when the rod is being moved in or out.

Selsyn indicators are used to show the positions of the regulating rodsalong with the seven shim rods. A single point recorder maintains a continu-ous record of the movement of the regulating rod which is actively in use.Both regulating rods are equipped with limit switches and indicating lightsin the same manner as the shim rods.

INSTRUMNTS FR MEASUREMENT OF COOLING WATER

General -

The supply of cooling water to the pile is one of the most importantfeatures of the process. If it were not for the flow of tremendous quanti-ties of water through the tubes, the evolution of heat would soon raise thetemperature to dangerous proportions. For this reason,. the pile is equippedwith numerous instruments pertaining to the cooling water supply as well as
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with devices to shut down the pile in the event of failure of water supply.
The pile operator has no direct control over the cooling water variables.
The instrumentation in the control room is for information and safety shut-
down only. The instruments will be discussed according to their function,
such as, measurement of temperature, flow, and pressure; and their use in
calculation of power output.

Temperature Measurement

Instruments in this category provide both inlet and exit temperature
measurements. On the inlet side of the pile, the water is delivered to the
tubes fro-m four risers, two for chilled water, and two for unchilled water.
The water temperature in these risers is indicated and recorded by four
Bailey combination temperature and flow meters located on the inlet water
panel. These meters are shown in Figure 4, which also shows the relative
position _of the other Instruments dealing with the water supply. These
instrumrenxs have no control function, but the data are used in automatic
power calculation. Additional inlet water measuiements for a different
purpose are made on each side of a valve in the by-pass line between the
chilled and unchilled headers. If both of these temperatures are low, it
is apparent that chilled water is being spilled into the unchilled header,
but if bQth temperatures are high, unchilled water is flowing into the
chilled header. Under normal conditions each point should indicate the
temperature corresponding to those of the chilled and unchilled water supply.
These temperatures are measured by resistance thermometers and are recorded
by a two--oint recorder on the inlet water panel.

Temperatures are measured at considerably more points on the exit side
of the water supply, for the obvious reason that greater variation in temp-
erature Is possible at these points. Exit water temperature measurements are
made of:- a) average exit temperature of the water from the tubes, b) water
temperatuie from each of the nine water cooled control rods, and c) each of
the 2004 tubes. The temperature monitor panel is shown in Figur 5.

The average water temperature, measured at the exit water header, is
shown on a combination meter at the left of the inlet water panel. This
information is used in automatically calculating and recording the power
output. On the Miscellaneous Panel, shown in Figure 6, is a four-point
recorder which records the temperature of:- a) thermal shield, b) main
discharge header, and c) metal storage exit water. This leaves one spare
point.

The exit cooling water temperatures from the nine water cooled control
rods are indicated and recorded at the Miscellaneous Control Panel. The
indicating instruments are large dial thermometers and records of the same
temperatures are maintained on three four-point Micromax recorders. This
information is useful in adjusting the rod water supply valves in the ap-
paratus room.

Temperature Monitor

It is necessary to monitor the behavior of each individual tube because

-712-
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INSTRUMENTS
INLET WATER PANEL
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1) Water pressure, left-hand
unchilled 20" riser

2) Total flow, rate of heat. transfer
(kw.), and temDerature difference,
recorder

7) Flow and temperature recorder,
left-band unchilled 20" riser

4) Kilowatt calculator (blank door)
5) Flow converter (blank door)
6) Main steam pressure
7) Stand-by filtered water pressure
8) Stand-by raw water pressure,

valve pit
9) Water pressure, left-hand chilled

20" riser
10) Water pressure, chilled header at

valve it
11) Water pressure, unchilled header

at valve bit
12) Flow and temperature recorder,

left-hand chilled 20" riser
13) Two-pen pressure recorder,

chilled and unchilled headers at
valve pit

14) Temperature differential
converter (blank door)

R 5/45 .73

15) Two-point temperature recorder,
temperature each side of valve
in by-pass-between chilled and
uncilled headers

1l) Water pressure, -left-band high
tank

17) Water pressure, right-hand high
tank

118) Inlet water pressure, thermal
shield

19) Instrument air pressure
20) Water pressure, right-hand

chilled 20" riser
21) Water pressure, right-hand

unchilled 20" riser
22) Flow and temperature recorder,

right-hand chilled 20" riser
23) Flow-and temperature recorder,

right-hand unchilled 20" riser
24) Two-point recorder, high tank

levels
25) Flow recorder, water to thermal

shield
26) Storage tank leel indicating

lights

Q
U
03
03

4

13

26o
0

@ @

|@ e



I 4

. 2

46
0000000

0 00
r57 0 0920 *0

0 01 o 0

23 0000
19 21 20 22

00
... /4 ot ii / c/S

II"

1&2) I&N single-point recorders

3&4). Retractable plugs for I&N recorders,
1 and 2 respectively

5&6)1 Brown i high speed recorders

7&8) Retractable plugs for Brown recorders,
5 and 6 respectively

9) Jack for monitoring 2004 tubes

10) Jack for monitoring 1002 tubes

11) Jack for monitoring other 1002 tubes

12) Jack board containing a Jack for each
individual tube

13) Five rows of 40 plugs each for
plugging into 200 or less jacks on 12

14&5') Jacks forplugging recorder into
200 tube system

,16 "Forty. dndlbator' lights"

17) Row skip switches

18) 2 00 -point repeat' switch

19&20) Monitor starting switches

21) Row selector switch -- rows 01-23

22) Row selector switch -- rows 24-46

23&24) Switches to run Brown recorders on
single points
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DECLASSIFIED
MISCELLANEOUS CONTROL PANEL
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1) Helium exit pressure
2) Helium inlet pressure
3) #1 regulating rod exit water

pressure
4) #2 riegulating rod exit water

predssure
5) #1 regulating rod exit water temp.
6) #2 regulating rod exit water temp.
7) Four-point recorder for:

a) % air in helium 0-100%
b) % air in helium 0-2%
c) _H20 in helium at pile exit
d) % H20 in helium at sample

point 0-1%
8) Two-point recorder for:

a) helium temperature into pile
b) helium temperature out of pile

9) Two-point recorder,
helium inlet and exit activity

10) Recording flowmeter,
helium circulation rate into pile

11) #3 shim rod exit water pressure
12) #4 shim rod exit water pressure
13) #5 shim rod exit water pressure
14) #6 shim rod exit water pressure

R 5/45 -715-

15) #3Ishim rod exit water temp.
16) #4_shim rod exit water temp.
17) #5 shim rod exit water temp.
18) #6 shim rod exit water temp.
19) Four-point recorder, exit water

temp. of rods #1, #2, and #3
20) Four-point recorder, exit water

temp. of rods #4, #5, and #6
21) Four-point recorder,

miscellaneous exit water temp.
22) #7shim rod exit water pressure
23) #8 shim rod exit water pressure
24) #9 shim rod exit water pressure
25) #7 shim rod exit water temp.
26) #8^shim rod exit water temp.
27) #9-shim rod exit water temp.
28) Pile exit water pressure
29) Four-point recorder, exit water

temp. of rods #7, #8, and #9
50) In-dicating temp. potentiometer

and 32 DPDT toggle switches
71) Four-point temperature recorder

controlled from 30
32) Selector switch for "B" and "T"

thermocouples
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a stoppage or any other abnormal performance of a single tube, although of
major importance, cannot be detected by overall measurements. Continousreadings of tube outlet water temperatures are not considered essential
because conditions affecting single tubes would develop gradually. Pro-vision is made therefore for periodic measurement of individual tube temp-eratureq.

Thermocouples located in the outlet stream of every tube are connectedto a panel similar to a telephone switchboard, with a jack corresponding toeach of the 2004 tubes, and in the same pattern. This temperature monitoris shown in Figure 6. This device automatically scans and records the exitwater temperatures of all tubes. Although automatic, the device is flexible,as indicated by the following:-

1) _All 2004 tubes may be monitored at the rate of 30, 40
.or 60 tubes per minute.

2) The temperatures of any horizontal row may be measured
at any time without waiting for preceding rows to be
monitored.

3) The upper and lower halves of the tube pattern may be
monitored simultaneously by two separate recorders.

4) Any 200 tubes in any order may be monitored in suc-
cession.

5) The temperature of any two tubes may be continuously
measured and recorded.

The type of monitoring used depends upon the suspected condition ofthe tubes at the time. If there is no reason to suspect unsatisfactoryperformance of any tubes, the monitor is adjusted to run through the entire2004 tubes at regular intervals. The temperatures are recorded on one orboth of the Brown high speed recorders and the individual temperatures ap-pear as slight discontlnuities in the record. Indexing voltages at thebeginning and end of each horizontal row aids in finding thw tube corre-sponding to each particular point on the record. Each horizontal row oftubes is scanned from left -to right, starting at the bottom of the pattern.Co-ordinate lights at the four sides of the pattern indicate which tube isbeing measured at the moment.

Should suspicion be aroused about a limited number of tubes (less than200), these tubes, only, may be monitored by making the proper connectionswith the plug cords. If one or two tubes are particularly troublesome,their temperatures may be measured and recorded continuously.

Flow Measurement

A measurement of cooling water flow is necessary to be certain that thepile is getting the required amount of water and to calculate the power out-put from the flow and temperature rise.

B ~/45 - 716 -
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The water flow through the four inlet risers is measured by orifice
meters located in the pipe trenches. The flow impulses from the four meters
in the valve pit are electrically transmitted to four Bailey flowmeters
located .on the Inlet Water Panel (Figure 4). These same meters also record
the temperatures of the same water lines. The total flow is recorded on the
multipurpose instrument at the extreme left of the panel.

The flow of water through the thermal shield is also recorded on a
meter at the lower right-hand corner of the Inlet Water Panel. The neutron
absorption of the thermal shield requires about 250 gal./min. of water for
cooling purposes.

Power Measurement

The power output of the pile may be obtained by multiplying the water
flow rate by the temperature rise. This is done automatically and continu-
ously by mechanisms situated on the Inlet Water Panel. The four flowmeters
transmit impulses to a flow converter, located-behind a blank door on the
panel. The temperature rise between the four inlet headers and the exit
header, is measured by the temperature converter. The data supplied by these
two instruments are combined .by the kilowatt calculator to give four power
values. The four power values are then totalized and recorded in the upper
left-hand recorder on the Inlet Water Panel, which also records the total
flow and exit water temperature.

To aid in maintaining precise power levels by providing an accurate
measurement of pile power, a special power level indicator is provided.
This instrument measures the difference in temperature between the outlet
water and any inlet riser or the normal water cross header in the valve pit.
It internally multiplies the temperature difference by the rate of water
flow, which is manually set on a dial on the instrument, and records the
total pile power at the control desk. This power indicator has a number of
ranges; those in the 250 megawatt region are 20 megawatts wide. Power levels
accurate to 2 megawatts are indicated and recorded by this device.

Pressure Measurement

The water pressure must be high enough to maintain adequate cooling
water flow through the pile. Should any circumstance cause the water pres-
sure on the inlet aide of the pile to drop below a predetermined value, the
flow through the tubes would not be enough to remove the heat. For this
reason,'pressure operated switches are attached to each of the four risers.
These switches trip the safety circuits and shut down the pile, should the
pressure drop too far.

The water pressure on each of the four risers is indicated by dial
gauges directly above the four combination flow-temperature recorders on
the Inlet Water Panel. The pressure on the chilled and unchilled headers
in the valve pit is also indicated on two dial gauges and recorded by a two-
pen instrument on the same panel.

I 5/45 
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The water pressure on the stand-by and emergency systems and the
thermal shield water supply is indicated by dial gauges located on the
Inlet Water Panel.

Pressure 1&onitor DECL SSIFIED
The foregoing discussion has dealt with the overall pressure measure-

ments of the inlet water supply. The water supply pressure to each of the
2004 tubes is also constantly monitored. The reason for this is that valu-
able information can be obtained about the flow conditions through each
tube. The following examp.es show how the individual tube pressure may be
interpreted in determining sources of trouble:--

Tube Preisure Header Pressure Probable Trouble

Low- Low Header pressure too low, tube condi-
tion satisfactory

Low, Normal Tube undamaged but screen partially
plugged, flow reduced

High Normal Obstruction, such as scale, in tube
with reduced flow or orifice enlarged
with increased flow

This type of information, together with data on the exit water temp-
erature from the same tube, when properly interpreted, can be used to
diagnoseabnormal performance of individual tubes.

The pressure on each tube inlet fixture is brought separately into the
pile control room to a three-section valve rack behind the gauge board. At
this point each pressure line is connected to a small two-way valve by which
the individual gauge may be connected to its respective tube, or to a master
gauge fo_ calibration purposes. There is a master gauge for each of the
three valve rack sections. A portion of the valve rack and gauge board is
shown in Figure 7.

The 2004 individual pressure gauges are unique in that they are espe-
cially designed to occupy the minimum amount of space on the gauge board.
Even so,-the board is 24 feet long and nearly 9-feet high. The gauges
have, instead of the usual dial face and pointer, a rotating drum set be-
hind the panel. From the front of the panel only a small portion of the
drum is visible through a slot; the drum is translucent and illuminated
from behind by an electric light. In appearance, it is similar to that of
some styles of radio dials. The drum is calibrated so that a visual ac-
curacy of about 1 pound can be obtained. Adjustable red and green sectors
are added to the translucent scale so that high or low pressures will cause
the green or red sectors, respectively, to show through the slot. At nor-
mal pressure only a white sector is visible.
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FIGURE 7

VALVE RACK AND GAUGE BOARD DECLASSnIFIED

E

TO TRENCH
TO PILE FACE

17 8 19 20

16

IG

9 8

14

5-

Ia '

A i

GAUGE RACK
(ONE OF 3 SECTIONS)

1) Master gauge
2) Valve assembly, one for each tube and individual Panellit gauge
3) Horizontal gauge header '
4) Master gauge riser connecting all horizontal gauge headers
5) Individual Panellit gauge, one for each tube
6)rDetail of valve assembly

7) Detail of Panellit gauge
8&9) Series relay connections
10) Pressure connection
11) Transparent slot
12) Rotating pressure indicating element. Shows white at normal

pressure, red on low pressure, and green on high pressure
13) Conduit for 3/16 outside diameter copper tubes to pressure gauges
14) Indicating lights
15) Two-way valve, connects Panellit gauge to either master gauge,

or to tube pressure connection -

16) Needle valve to shut off individual Panellit gauge as necessary
17) Line to Panellit gauge
18) Line from next valve on left to its cortesponding tube
19) Line fram next valve on right to its corresponding Panellit gauge
20) Line from tube at pile face
21) Header to master gauge
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Adjustable high-low contacts are also provided so that an electrical
circuit may be broken in the event of either high or low pressure. All
the contacts in each row are connected in series to a relay, and all the
relay contacts are likewise connected in series. Should any gauge show
pressures outside of previously set operating limits, the breaking of the
electrical circuit will cause the annunciator to-drop and indicate the de-
parture from normal.

Water Activity Measurements

As the cooling water traverses the pile, elements within it are
activated. By measuring the activity in the water it is possible to deter-
mine the normal intensity and detect increases in activity which might
result from abnormal conditions. The following two systems provide contin-
uous water monitoring.

Discharge Water Monitoring for Jacket Failure Detection

A cyclic water sampling system is installed in each of six water
sampling rooms in each Pile Building. These sys ems continually take samples
of water from the ends of the discharge headers And deliver them to thin-
walled ion chambers where the beta activity of the water is measured. The
39 discharge headers are completely scanned every 13 minutes.

While the water is en route to the monitoring chamber it is held for
about 3 mfnutes so that short lived activities resulting from oxygen and
aluminum in the water can decay. The system is therefore more sensitive
to the longer lived activities, in particular those of fission products.
If a slug jacket were. to rupture and emit these materials into the water
stream, the monitors would detect the abnormally high activity.

The six monitoring chambers are arranged so that the differences be-
tween the beta activity of adjacent headers are recorded on Micromax re-
carders. In this way the normal activity of the water is not recorded sincethe activity in adjacent headers is nearly equal; however, if a jacket
failure occurs, the monitor which receives water which has passed over the
faulty slug will show a higher activity and the recorder will deflect.
Alarm contacts are set on the recorders to turn on indicating lights and
drop the annunciator in the control room when abnormally large deviations
occur. The actual reading of one monitor of each differential pair is re-
corded also so. that changes in the differential record can be associated
with one of the two monitors.

The water activity in the two discharge risers is monitored continu-
ously with thin-walled chambers. Extreme deviations in the activity areindicated also in the control room by the alarm lights and annunciator.

Retention Basin Monitors

To provide a means of observing the decay of the water activity in
the Retention Basin, monitors are installed at the inlet, center and exit
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of the basin. The activity in the inlet water is measured with a gamma
ray ionization chamber which is immersed in the water. A Beckman micro-
microammeter transmits the ion current reading to a recorder in the
Monitoring Room in the Pile Building. For measurement of activity in the
center of the basinga Geiger-Mueller tube is -immersed in the water sample
which has _been pumped from the basin. The rate at which pulses are cre-
ated in the tube is recorded in the Monitoring Room to show the water
activity.-

The monitor at the basin exit indicates the activity of water which
is returned to the river. It is discussed under Radiation Hazard Measure-
ment.

MISCELLANEOUS INSTRUMNTATION
______ DECL SSIFIE

Helium System

The pile is operated in an atmosphere of helium. If air were used
in the pile the neutron reproduction factor would be reduced, and the argon
in the air would become radioactive and present a serious health hazard.
The use of a dry atmosphere permits a method of detecting water leaks in
the pile by measuring the water content of the gas.

The pile control room is equipped with instruments dealing with the
pressure, flow, temperature, radioactivity, purity, and moisture content
of the helium. These are merely for the pile operator's information. He
has no control over the helium supply, and no controls are operated by the
instruments at his disposal.

The pressure is measured at the inlet and outlet ends of the pile,
and shows on the two dial gauges located at the upper left-hand corner of
the Miscellaneous Panel (Figure 6). These pressures are not recorded. The
helium circulation rate is indicated by a recording flowmeter.

The helium purity, measured at the pile exit duct, is expressed as
the per cent of air in the helium. This is determined by automatic thermal
conductivity measurements and is recorded by the two points of a four-point
Nicromax recorder. One point has a range of 0-100% helium, the other has a
range of 98-100% helium. Only the appropriate range is operative at a time.
The moisture content, also measured by thermal conductivity methods at the
pile exit and at one of the sample points, is recorded by the other two
points of the same recorder.

The helium activity is monitored by two ion chambers located near
the inlet and exit gas streams, and after amplification by Beckman ampli-
fiers is recorded on a two-point Micromax recorder. This double measure-
ment indicates the activity of the helium as well as any increase in
activity resulting from passage through the pile.
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Pile Temperatures

Provtsion is made for measuring -pile temperatures throughout the

graphite, thermal shield, and biological shield. _This is for general

information and for studies connected with the effect of radiation and

high temperature upon the structural materials oftthe pile.

Twenty-five thermocouples are spaced throughout the graphite, five
in the side shield, three in the thermal blocks and nine in the rear bio-

logical shield. There is a single couple in the graphite bearing-block of

the center shim rod. All of these couples are brought to the Miscellane-

ois Instrument Panel and connected to a %2-point-and a 12-point selector

switch. The temperatures may be observed on an indicating potentiometer

or recorded with a Micromax four-point recorder.

Communication Systems DECL SSIFtED
The complexity of the pile control system and the manifold auxiliary

processes demands that adequate communication be available 
to and from

all strategic points. This permits more efficient cooperation among per-

sonnel working in different parts of the pile building, and minimizes 
the

chance of accidents or damage to equipment. Four intercommunication

systems are supplied.

One system provided is a Teletalk system which comprises, at each

station, individual sets containing a combination loud-speaker and micro-

phone, volume control, and switches. Thi system is most convenient

because conversations may be carried on while the operator is otherwise

engaged near the instrument. Teletalk communication is available between

the following points:-

1) Control Desk 8) Charging Elevator

2) Office 9) Apparatus Boom

3) Monitoring Room 10) Fan Boom
4) Weigh Point (Storage Area) 11) valve Pit

) Transfer Area 12) Safety Rod Winch Room

6) Discharge Elevator 13) Helium Purification Bldg.

7) Valve Pit Extension 14) Instrument Repair Room

Voice powered systems also are installed at various points. A voice

powered system, as the name implies, is capable of transmitting 
intelli-

gence by using the power of the sound waves alone, without the 
aid of

external power sources. At each station listed_ below, two jacks are in-

stalled, one for each of two independent lines. Voice powered instruments

may be plugged into these jacks as required.

R 54-9- 
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1) Control Desk
2) Office
3) Monitoring Room
4) Apparatus Room
5) Rod Room
6) Fan Room
7) Safety Rod Winch Room
8) Helium Purification Bldg.
9) Instrument Gallery-9'Level,

Near
10) Instrument Gallery-9'Level,

Far
11) Winch Room Near Side

12) 115 Instrument Room
(Gas Analysis Room)

13) Accumulator Room
14) Electrical Equipment Room
15) Instrument Repair Room
16) Wohinery Platform for

Charging Elevator
17) Experimental Level
18) 0-foot Landing at the Near

Side of Discharge Area
19) 10-foot Landing at the Near
_ Side of Discharge Area
20) 20-foot Landing at the Near

Side of Discharge Area
21) 30-foot Landing at the Near

Side of Discharge Area
22) Machinery Room Corridor
23) Top of Pile

Since duplicate lines are provided, two conversations of any number
of stations may be carried on at the same time. This system however is
usually used at points where the need for communication is less frequent.

A six-line voice powered system is also installed to provide the
necessary communication for the charging and discharging operation. Each
of the stations listed below has six jacks, one for each of five lines;
the sixth line has jacks at each of the six water sampling rooms in ad-
dition to those at the stations. The Fly Eye observation room and the
Discharge Elevator Cab are also on one line of this system.

1) Control Desk
2) Monitoring Room
3) Weigh Point

4) Discharge Elevator
,) Charging Elevator
6) Machinery Room

The-conversationn of any or all of the six lines can be monitored
either in the monitoring room or at the control desk. The various con-
versations may be mixed as desired and fed into a loud-speaker. An
operator-may also use his voice powered telephone to break into any
conversation at any time.

Additional voice powered lines connect the Control Desk to the Pump
Building, Power Building, and Chemical Building.

RADIATION HAZARD MEASURE._NT

In the design of the Pile Building, every attempt has been made to
remove, by adequate shielding, all danger to personnel resulting from,

- 723 -N=
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the various types of radiation. Nevertheless the potential danger per-
sists, and might become great at any time as a result of excessive power
or inadvertent removal of shielding. The extent of the hazardous condi-
tions through the Pile Building is recorded on numerous recorders in the
Monitoring Boom (Figure 8). The detectors which indicate on these re-
corders are discussed in the following paragraphs.

The two types of radiation which present a hazard in the pile
building are those with high penetrating power, namely gamma rays and
neutrons. Both of these originate principally from the metal in the pile;
the neutrons are proportional to the power output, and the gamma rays are
proportional to the amount of fission products that have accumulated in
the metal.

Onfy the gamma rays are monitored continuously during operation, not
because the neutrons are less dangerous, but because the philosophy fol-
loved is that wherever neutrons appear, gamma rays are also present, and
a much more satisfactory measurement can be made of gamma radiation. In
addition, neutrons can only originate within the pile, behind large
amounts of permanent shielding.

For health purposes, the international Roentgen, or r, has been
adopted as the standard radiation unit. The Roentgen expresses the total
amount of the radiation in terms of dosage, while the intensity of radia-
tion is expressed as the rate at which the dosage is received. The in-
tensity unit includes a time factor, for instance r's/8 hre. Mdical
authorities have adopted O.lr as the maximum dosage of gamma radiation
that a human should be exposed to in any 24-hour period, if that exposure
is to continue day after day. Both the integrated dosage and radiation
intensity are measured in the pile building at numerous points.

Dosage Mbasurement

The measurement of integrated dosage is accomplished by a commer-
cially produced instrument originally designed for the measurement of
X-ray dosage. This electronic device is the Victoreen Integron.

The instrument comprises a gamma ray sensitive chamber attached to
an amplifier and meter unit. Whenever the chamber, which is given an
electrostatic charge periodically, is subjected to radiation, the re-
sultant ionization in the chamber causes a proportional loss of charge.
This charge loss causes a corresponding deflection of the meter on the
amplifier; a full scale deflection is obtained after O.1r has been re-
ceived, an alarm sounds, and the chamber is again recharged automatically.
Every 8 hours a clock-work mechanism also recharges the Integron without
sounding an alarm. A permanent record of the integrated dosage is main-
tained by a Micromax recorder connected to the Integron.

Integrons are located at the following places:-
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INSTRUMENT f

MONITORING ROOM PANEL
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1) Recorder For pH Of Waste Water Entering River
2) Recorder For Intermediate Retention Basin Monitor
3) Recorder For Inlet Retention Basin Monitor
4) Recorder Of Radiation Intensity 20' Far Side

Discharge Area
5) Recorder For Stack Air Monitor
6) Recorder Integron Dosage Measurement
7) Recorder Integron Dosage Measurement
8) Recorder Of Radiation Intensity Top Of Pile And

Transfer Area
9) Recorder Of Gamma Activity Of Retention Basin Exit

Water
10) Recorder Of Beta Activity Of Retention Basin Exit

Water
11) Recorder Of Radiation Intensity 0', 10', 20', 30'

Near Side Discharge Area
12) Recorder For Exhaust Air Monitor
13) Recorder For Integron Dosage Measurement
14) Recorder For Integron Dosage Measurement
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S-Top of Pile
Experimental Level -
Apparatus Room

S-Storage Area
1 - Monitoring Room
I - 115 Instrument Room

(Gas Analysis Room)
1 - Office
1 - Control Boom
1 - Work Area
2 - Helium Purification Bldg.
1 - Charging Elevator

Radiation Intensity ?easurement

The radiation intensity, usually expressed in milliroentgens/hour,
is also measured at various points. This supplenients the integrated
dosage information, and is useful in that the instantaneous radiation
conditions-are indicated. This measurement, made possible by the fact
that ionization taking place inside an ion chamber, permits a propor-
tional electric currenf to flow between charged electrodes. This small
current (perhaps only one billionth of an ampere or less) is amplified
to operate-indicating and recording equipment.

The ion chambers used in the above application are similar to those
discussed previously, in connection with neutron intensity measurements,
with the exception that no boron material is present, so they are not
sensitive to neutrons. The standard Beckman micro-microammeter is used
to amplify the ion current and operate single-point Micromax recorders.

The following table gives the location of the ion chambers:-

1 - Top of Pile
I - Experimental Level
I - Inner Rod Room
1 - Apparatus Room
1 - Transfer Area
5 - Discharge Area
4 - Helium Purification Bldg.

Waste Water Activity Ybasurement

In order to insure against putting waste water into the river which
contains activities greater than tolerance, continuous monitors indicate
the radiation emanating from the water which leaves the Retention Basin.
The gamia ridiation is measured by an ion chamber which is suspended over
the exit end of the basin. The current from this chamber is amplified
with a Beckman and recorded in the Monitoring Room. The beta activity ismeasured by detecting the beta particles from a water sample with aGeiger-Maeller tube. The particles enter the tube-through a thin mica
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window and create an electrical pulse which is amplified and counted
with a scaler and recording register at the Detention Basin.

Air Monitoring

Hazardous activity in the air surrounding the pile structure andhelium equipment is monitored by three pieces of equipment.

Exhaust Air Monitor

* This unit samples air which is pulled from the Pile Building, andmeasures its activity by passing it through an ion chamber. The output
of the Beckman, which receives the chamber current, is recorded in theMonitoring Room.

Stack Air Monitor

Air from the Pile Building and Helium Purification Building isvented up the stack. A monitor, which is the same as the Exhaust AirMonitor, continuously indicates the activity of samples of this air..

Portable Air Monitor

For miscellaneous sampling of air for activity a portable monitoris provided in which a vacuum cleaner pulls the air through an ion cham-ber. A Beckman amplifier shows the activity by indicating the magnitudeof the ion current. This instrument is particularly valuable in detect-ing gas leaks in the pile shield.

Neutron Monitoring

Special equipment is available for scanning the pile to discoverthe leakage of neutrons. One instrument is a BF counter which is iden-tical to the unit used to detect neutron levels In the pile. It isprovided with a paraffin cylinder which can be placed over the counterto slow down fast neutrons in order that they will be counted. Theequipment is, therefore, a detector of both fast and slow neutrons.

A differential ion chamber system is also in use to detect fastneutrons. One chamber is filled with hydrogen, the other with argon.The pressures of these gases are so adjusted that the two chambers areequally responsive to gamma radiation. The hydrogen-filled chamber,however, is preferentially sensitive to the presence of neutrons. Byopposing the chambers an ion current is obtained that is due only toneutrons. A very sensitive electrometer is used to measure the current.
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AUTOMATIC SHUTDOWN CIRUITS

Purpose

The pile is equipped with automatic features which stop the pile
reaction in the event of certain types of abnormal behavior. Any operat-
ing circumstance which allows excessive power output, does not permit
adequate removal of heat, or jeopardizes the operation of the control
systems is considered dangerous, and the pile must be shut down until the
condition is corrected.

The automatic shutdown systems are electrical in nature and are fair-
ly complicated, so siplified schematic circuits (Figure 9 and Figure 10)
are presented as an aid to the reader. There are two automatic shutdown
circuits, also known as safety circuits. The operation of the No. I
safety circuit moves all safety rods and all shim rods into the pile at
high speed; the operation of the No. 2 safety circuit moves only the shim
rods into the pile. The two regulating rods arenot controlled by either
circuit.

In addition to the two safety circuits there is a trouble indicating
device called an annunciator. This indicates by mans of visible signals
and a bell what particular abnormality caused either safety circuit to
operate. Several other conditions which do not result in operation of
the safety circuits are also indicated by the annunciator.

No. 1 Safety Circuit

Whenever any circumstance appears that presents an imminent danger
to the pile, this circuit will operate and cause all 29 safety rods and
7 shim rods to move into the pile with maximum speed. The events which.
actuate the circuit are:-

1) Low water pressure on either unchilled riser

2) Low water pressure on either cilled riser

3) High power level (discharge water activity) indicated by the
ion chamber with No. 1 Beckman

I) High power level (neutron density) indicated by the ion chamber
with No. 2 Beckman

5) HIgh power level (neutron density) indicated by the ion chamber
with No. 3 Beckman

6) High power level (neutron density) indicated by the ion chamber
with No. 4 Beckman

/ 5/728f



NO I. SAFETY CIRCUIT

HW-10475-SEC. B

COPY NO. 63 SERIES C

FIGURE 9

DECLASSIFIED

a:

00

I~lIL

0 - LAYSo

TO 26 MORErj

CD
S

2

II-------------------

I-I
inml
Iii

At

L

REAK 220 VOLT

110 VOLT A.C.

220 VOLT A.C.

CLlCUIFI F su0 VOLT CIRCU'I
IS BROKEN. CANNOT BE
RESET UNTIL TROUBLE RECTIFIER
IS CORRECTED AND RESET A.C. TO D.C.
BUTTON IS PUSHED.Q

SAFETY RODS

Ai

MOTOR WINCH

CLUTCH
NO. 3

AFETY
WHEN ANY SAFEY ROD ROD
DROPSTHIS CONTACT
OPENS AND MOVES IN
SHIM RODS.

S

NO. I NO. 2

R 5/45 --729-

I



HW-10475-SEC. B

COPY NO. 3 SERIES C
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7) Electric power failure at the process pump building

8) Depression of a manual push button at the control desk

Figure 9 shows that any of these events break a circuit to a pair
of electrical relays which in turn interrupts the flow of rectified cur-
rent to the magnetic clutch of each safety rod. When this occurs all
clutches are released and the rods fall into the pile. At the same time
an interlocking device on each safety rod releases the shim rods. Should
a power failure occur in either of these safety circuits or in the systems
supplying the safety devices, the safety rods also drop into the pile.

No. 2 Safety Circuit DECL SSIFIED
A second safety circuit has been incorporated in the instrumentation

of the pile control to allow the unit to be shut down by the shim rods
alone. It was expected that minor abnormal disturbances, not sufficiently
important to justify the insertion of the vertical safety rods, would
cause the No. 2 safety circuit to operate. Experience has shown that only
those circumstances which cause the No. 1 circuit to trip are sufficiently
urgent to justify the shutdown of the pile. Therefore, the No. 2 safety
circuitt which Is arranged as shown in Figure 10, can be tripped only with
the control desk push-button.

Annunciator Circuits

Whenever the pile is shut down automatically because of the operation
of one of the safety circuits, it is necessary that the reason be known
before the faulty condition can be remedied and the pile started up again.
This necessary information is conveniently indicated at the control panel
by the annunciator. The annunciator mounted on the control panel, is a
boxlike device which as 28 small windows in its face. Whenever an elec-
trical circuit connected to a unit behind each window is distrubed, a
flag becomes visible through the window.

The following occurrences related to the pile operation are indicated
on the annunciator. Many properties which do not operate the safety cir-
cuit are indicated.

l)Iow pressure, unchilled water, No. 1 Safety Circuit

2) Low pressure, chilled water, No. 1 Safety Circuit

3) Beckman No. 3, No. 1 Safety Circuit

4) Beckman No. 4, No. 1 Safety Circuit

5) Beckman No. 2, No. 1 Safety Circuit

S5/45 731 -
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6) Electric Power, Pump Building, No. Safety Circuit

7) Low oil level, Accumulator No. 3

8) Low oil level, Accumulator No. 2

9) Low oil level, Accumulator No. 1

10) Water pressure monitor, high or low

11) Exit water temperature (not used) DECLASSIFIED
12) Beckanan No. 1, No. 1 Safety Circuit

13) Shim Rod water pressure, high or low

14) Control Desk Push Button, No. 1 Safety Circuit

15) No. 2 Safety Circuit

16) High oil level, Accumulator No. 1

17) High oil level, Accumulator No. 2

18) High oil level, Accumulator No. 3

19) Modium oil level, Accumulator No. 1 (higher than Flag 
No. 9)

20) Medium oil level, Accumulator No. 2 (higher than Flag 
No. 8)

21) Dedium oil level, Accumulator No.3 (higher than Flag No. 
7)

22) Low oil level in accumulator oil pump

23) Low water pressure of cooling water in thermal shield

24) Low water level in high tank

25) Electric ventilating fans (any unit off)

26) Deviation of Discharge Water Monitor

Whenever an annunciator flag drops, a bell is sounded. The bell

may be turned off immediately but the flag cannot be reset until the

trouble is corrected.
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BANFORD ENGINEER WORKS TElICAL MANUAL

SECTION B - PILE D L IFED
CHAPTER VIII - RADIATION AND IELDING

Experience with radiations of the types encountered at Hanford dates
back half a century to the discovery of X-rays and natural radioactivity.
Since these discQveries, a large amount of information has been developed onthe nature of the radiations, on the ways in which they penetrate and
interact with matter, and on the ways in which they affect living tissue.
The techniques and precautions required in the handling of high radiation
intensities developed along with increases in the strength of sources, as

.radium, high-powered x-ray tubes, Van de Graaf generators, cyclotrons, and
betatrons became available. As a result of these developments, it is
possible within reasonable limits to predict how much radiation will leakthrough a given arrangement of shields and what physiological hazard, if any,
this leakage will produce.

The importance of such information becomes evident if one considers the
enormous intensity of the radiations produced by the pile. The largest
radium sources that are handled routinely weigh about a gram, and can safely
be handled encased in about five inches of lead. This thickness of lead
reduces the gamma intensity about a thousandfold. In contrast, the pile isenclosed in a composite iron-and-masonite shield five feet thick which _
reduces the intensity of pile radiation about a billionfold. The five-foot
concrete walls around the pile reduce the gamma intensity from discharged
metal and other sources about a millionfold. These astronomical factors ofreduction are necessary to reduce th6 intensity to a level at which personnel
can work year in and year out without suffering any ill effects.

The fact that a massive shield has been interposed between a source of
radiation and an operating area is not, however, an absolute guarantee that
the area is safe. A thick barricade may be useless unless it is made of
materials which are properly chosen to stop the particular kinds of radiation
emitted by the source. For example, lead is an excellent shield for ganmarays, but a very poor one for neutrons. Apertures or cracks in the shield
may permit the escape of dangerous amounts of radiation, and the shield must
be designed so that no straight path extends very far unless the path is very
narrow. Scattering, or reflection of radiation from surrounding objects,
must also be considered. A shield which protects personnel from the direct
rays of the source may be inadequate if the radiation can reach them indi-
rectly by resflection from the walls and ceiling. Finally precautions must betaken against induced activities. For example, the pile water becanes
sufficiently radioactive to make the discharge area uninhabitable while the
pile is in-operation. This happens in spite of the fact that the pile shield
stops all the radiation which originates An the pile itself.

In the present chapter the principles of radiation protection will be
outlined and their application to Hanford design and operation will be
discussed.
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NATURE AND PENETRATING POWER OF RADIATIONS

In the order of increasing hazard, the radiations of interest are alpha
particles, beta rays, gamma rays, and neutrons. These radiations can be
detected only by instruments, such as Geiger counters, ionization chambers,
photographic films, or, at relatively high intensities by fluorescent screens.
Without such instruments a man can very easily receive a fatal dose without
being aware of it at the time. Hence it is imperative that adequate shield-
ing be maintained, and further- that it be constantly monitored at critical
points.

Alpha Particles DECLASSIFIED
Alpha particles are helium nuclei of mass four and positive charge two.

They are ejected spontaneously by the nuclei of uranium and the product, but
not by the fission elements. Because of their large mass and charge, the
penetrating power of alphas is very low. For example, the alphas from
uranium are stopped completely by about 1 inch of air, 0.001 inches of alumi-
num, or 0.0001 inches of lead. Alphas therefore present a hazard only when
bare metal or pure product is handled. Measurements of alpha emission are
used to follow the concentration of product in process liquors.

Beta Rays

Beta rays are fast electrons of very miall mass, roughly 1/2000 that of
a proton or 1/8000 that of an alpha particle. They carry a negative charge
of 1 unit and are emitted, with energies ranging up to 3 or 4 Mev, by radio-
active nuclei. Their penetrating power is ratherlow; 2 Mev betas are
completelf-stopped by 23 feet-of air or about 1/8- inch of aluminum. Conse-
quently, betas are dangerous only when the observer is directly exposed at
a short distance from the source.

Gamma Rays

Gamma rays, also called photons or quanta, are electromagnetic waves or
particles whose wave length is roughly one millionth the wave length of
visible light. The hardest gamma radiation emitted by the pile has an energy
of about 5-Mev, while the average is probably in the neighborhood of 2 Mev.
Unlike alphas and betas, gammas are not completely stopped by matter.
Instead, 'their intensity decreases according to an exponential law as they
penetrate a shield. The intensity of a beam of 2_Mev gammas is reduced
tenfold by passage through 1300 feet of air, 20 inches of water, 10 inches
of concrete, 8 inches of aluminum, or 1.7 inches of lead. The gamma
radiation from slugs of active metal and from the activity induced in pile
water and control rods is highly dangerous and requires massive shielding.

- 803
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Neutrons

Neutrons are particles of unit mass and zero charge which are produced

in the fission process and are present only when the pile is in operation.

They can also be produced in other ways, as by bombarding beryllium with

alpha particles. Their penetrating power is considerable and their mode of

interaction with matter is highly complex. In brief, a fast fission neutron
of about 2 Mev energy is first slowed down by numerous collisions with atomic

nuclei until it arrives at thermal energy (about 1/40 ev). Then the thermal
neutron continues to bounce around until it is captured by a nucleus. When

this happens, a quantity of gama radiation equal to the binding energy of
the neutron in the nucleus is emitted. In many cases, the nucleus is made

radioactive by this neutron capture, and later disintegrates to a stable

nucleus with the omission of assorted betas and ganmas. Neutron shields must

therefore not only slow down and absorb the neutrons; they must also take

care of the gamna radiation, both immediate and delayed, which the neutrons

produce.

PRINCIPIESMD DECLASSIFIED
- The simplest and cheapest way to protect oneself from radiation is to

stay sufficiently far away from the source. The sources under consideration
are so intense that they can be approached within working distance only if
elaborate prtecautions are taken. These precautions must take into account
the fact that radiation from a prinary source, such as the pile, can reach an

observer by three different routes:- (a) It may penetrate the shield or pass

through apertures in the shield, (b) it may be reflected (scattered) from

the air or from surrounding objects to an observer who is screened from.the

direct rays, or (c) the primary source may induce activity in substances

which are subsequently transported into the observer's vicinity. It is

therefore necessary to know how radiation is absorbed, how it is scattered,

and under what conditions secondary activities may be induced.

The reactions which are involved in neutralizing the harmful effects of

radiations from the pile are discussed below. They are also summarized in

Table I.

Absorption

Alpha and Beta Radiations

Alpha and beta radiations are so easily stopped by materials of ordinary

structural-thickness that they require only a nominal amount of shielding.

Where a beta hazard exists because of contamination of hands or clothing, or

because of spilled solutions, it is usually more bonvenient to remove the

source than to set up a shield against it. The alphas and most of the betas

from new slugs are stopped by the aluminum jackets; the remainder of the

betas can be stopped by leaded leather gloves. The beta hazard from most

sources is of the same order of magnitude as the gam= hazard; hence a shield

- 804 -
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TABLE I

Reactions Involved in Shielding DECLASSIFIED
incident on reacts by process of and produces

Fast neution

Fast neutron

Thermal neutron

High
energy photon

Intermediate
energy photon

Low energy photon

Fast electron

Fast electron

nucleus elastic scattering

nucleus inelastic scattering

nucleus

nuclear
field

absorption

pair production

electron Compton scattering

electron photoelectric
absorption

atam

nuclear
field

ionization

slowing by emission
of radiation

-8Q5 -

recoil nucleus
slowed neutron

recoil nucleus
slowed neutron
gamma radiation

active nucleus
(further decay to

betas and gammas)

electron
positron
+ kinetic energy of

these particles

recoil electron
scattered photon

electron from orbit

ion pairs
slowed electron

Bremsstrahlung, i.e.,
continuous x-radiation

Particle
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which takes care of the penetrating gammas is more than adequate for the

betas. In passing through matter, these charged particles convert their

translational energy in part into the production of' ions and in part into the

production of secondary radiation. Under exceptional circumstances these

secondary radiations (Bremstrahlung, or "slowing-down radiation") may

present a hazard. In all cases the absorbed energy ultimately appears as

heat.

Gamma'Radiation

Gamma radiation may be more or less penetrating, depending on the energy

of the photons and the atomic number of the absorber. This happens because

three mechanisms are involved in the absorption process: photoelectric
absorption, Compton scattering, and pair production.

Photoelectric absorption occurs when the entire energy of the photon is

used to eject an electron from one of the orbits of an atom. Absorption by

this mechanism predominates at low gaoma energies and increases with the

atomic number of the absorber. In light elements such as aluminum, the

photoelectric effect accounts for most of the absorption up to about 0.1 Mev.

In heavy elements such as lead, it is effective up to about 1.0 Mev.

Compton scattering is a collision of a photon and an orbital electron in

which part-of the photon's energy is used to eject the electron from an atom,

while the remainder of the energy appears as a scattered photon. This

process accounts for most of the absorption in the intermediate energy range

(0.1 to 10 Mev in aluminum; 1.0 to 4.0 Mev in lead). Compton absorption
varies with the number of electrons per cubic centimeter of absorber and

hence is p roportional to the density of the absorber. Therefore, in the

energy range where this process prpdominates, the :effectiveness of a shield

is roughly-proportional to its sectional density, expressed in grams per

square centimeter, and is nearly independent of the composition of the

shield. Compton absorption decreases with increasing gamma energy.

Pair production occurs when a photon enters the field of a nucleus and

is converted into a positive electron (positron) and a negative electron,

plus a certain amount of translational energy of these particles. The

electron is absorbed like a beta ray; the positron collides with another

electron and the mass of the two particles is converted into two 0.5 Mev

photons. This phenomenon occurs to a significant extent only at very high

gamma energies (above 10 Mev in aluminum; above 4_Mev in lead), and increases

rapidly with the energy of the photons and the atomic number of the absorber.

As a result of these three processes, every substance shows a minimum in

its curve of absorption coefficient vs. energy somewhere in the region where

Compton scattering prevails. This minimum appears at 2.5 Mev in lead and at

20 Mev in aluminum.

The choice of absorbing materials for gama radiation is governed by

considerations of cost, of available space and of_ the energy of the radiation

to be absorbed. The penetrating gamma rays which are generated in or near

the pile have energies in the range of 1 to 5 Mev, where the Compton process

overshadows the other processes and the effectiveness of a shield depends

- 8o6 - fl
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primarily on its weight. Hence a given mass of concrete or water is about as
good as the same mass of iron or lead, and is very much cheaper. Iron is
used in the pile shield because it is a good absorber of both neutrons and
ganmas, has good structural properties, and permits the design of a compact
shield. It is also used on the wall between the control room and the rod
room. Where a minimum shield thickness for shielding against gamma rays is
required, -as in the cask used to transport buckets of hot metal, lead is
specified. A somewhat different situation occurs when the principal hazard
is that due to soft gamma radiation, as in the case of gammas scattered
through a-labyrinth. In this case, a given mass of lead is a much more
effective absorber than iron or concrete because its photoelectric absorption
is relatively large. Therefore the labyrinth doors are covered with thin
sheet lead.

Neutrons DELS ED
Fast neutrons are most easily slowed down by elements of low atomic

number. Hydrogen is highly effective because it accepts, on the average,
about half of the neutron energy at each collision. Carbon, because of its
greater mass, can accept only about 16%. Thermal neutrons are absorbed to a
greater or lesser degree by all elements except helium, and this absorption
varies irregularly with atomic number. For example, boron and mercury are
good absorbers; carbon and lead are poor ones. The gammas emijted when a
neutron is-absorbed are most easily absorbed by elements of high atomic
number. It is apparent from these conflicting requirements that no single
element can be used to shield against both neutrons and gamias. Neutron
shields therefore must be composite structures which contain:- (a) Some
hydrogenous material to slow down the fast neutrons, (b) a good absorber of
thermal neutrons and (c) a material of fairly high atomic number to absorb
the gammas.

Iron is a good absorber for thermal neutrons-and gammas. In addition,
it has some effect on neutrons of intermediate energies, which it slows by a
process of inelastic scattering. Masonite is a pressed wood product having
a density of 1.3 and a hydrogen content ofabout 6%. A composite structure
of these materials forms an efficient neutron absorber and is used as the
biological shield of the Hanford piles.

The relative shielding effectiveness of a number of structural materials
is given in Table II in terms of the thickness required to reduce the inten-
sity by a factor of ten. These data hold exactly for gamma rays, which are
absorbed according to an exponential law. They hold approximately for
neutrons, which do not follow this law.
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TABLE II

Effectiveness of Shielding Materials

Thickness in Inches Required

Material for Tenfold Reduction in Intensity

2 Mev Gammas Thermal Neutrons Fast Neutrons

Water 20 2

Masonite 15 3 8

Graphite 12 4515

Concrete 10 7 17

Iron 2.6 1.3 20

Lead 1.7 8

Scattering

A beam of gamma radiation falling on a polished slab is not reflected

specularly, like visible light. Instead, a small fraction of the incident

radiation is reflected diffusely in all directions, and these "scattered"

photons have a lower energy than the primary photons. The scattered

intensity is strongest when the primary radiation is moderately soft (of the

order of 0.1 Mew) and the atomic number of the scatterer is low. Conse-

quently the soft gamma components of the primary radiation govern the 
dosage

that an observer receives by scattering (through labyrinths, for example),

while the hard components govern the dosage that penetrates a shield.

Beta rays are very strongly scattered; 20 to 50% of the betas incident

on a slab will bounce back. Approximately the same is true of neutrons.

Induced Activities

Induced activities will appear only in those materials which are exposed

to neutrons. It is known that activities can also be induced by bombardment

with protons, deuterons, alpha particles, and gamfa, rays. However, the first

three of these radiations do not occur in the pil6 in significant amounts,
and the gammas are not sufficiently energetic. The artificially radioactive

substancesemit betas, gammas, and in some cases positrons. Shielding

against these rays is provided just as though the active material were a new

source.

- 808 -
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The activity of such a source depends on the neutron flux to which it is
exposed, the length of exposure, the half-life of the activity, the ease with
which the substance is activated (i.e., its "ross section"), and on how long
the substance is allowed to decay after conclusion of the bombardment. When
the bombardment extends over a period which is very long In comparison to the
half-life _of the induced activity, a steady state is reached in which the
rate of disintegration of active nuclei is equal to their rate of formation.
This is called the "saturated activity". Activities of short half-life build
up and decay rapidly; those of long half-life build up and decay more slowly.

Practically all substances become more or legs activated by exposure in
the pile. Copper and silver become highly active, iron and aluminum
moderately active. Graphite and helium show activities due to impurities of
vanadium and argon respectively.

SAFE RADIATION LIMITS DECL SSIFIED
Experience with radium and x-rays has shown that the entire body can

safely be given a radiation dosage of 0.1 r per day for an indefinitely long
period. All shielding arrangements are therefore-designed to reduce the
radiation intensity to this level, namely, to the equivalent of not more than
0.1 r per 8-hour day. It is assumed that exposure will occur only during
working hours. The r or Roentgen is essentially a unit of gamma dosage,
defined asthat quantity of gamma radiation which-will produce one electro-
static unit of ions in one cubic centimeter of atmospheric air. This
corresponds to an energy absorption of 0.1 erg per cc. of air or 83 ergs per
cc. of body tissue. The tolerance dosage of 0.1 is per 8-hour day means that
a 150-pound man can safely absorb only about 16 microvatt-hours of gamma
energy per day. In contrast, a man stretched full length in the noonday sun
receives solar energy at a rate of about 100 watts.

The physiological potency of the different radiations may be compared
in terms of the flux (number of particles crossing one square centimeter per
second), which produces a tolerance dose for total-body irradiation in
8 hours. These are:-

Tolerable Fluxes
Radiation (particles/cmsec)

2 Mev betas 80
2 Mev fast neutrons 200
2 Mew gammas 3300
Thermal neutrons 15000

These-differences exist for the following reasons:- (a) Betas are
completely absorbed in the first few centimeters of' tissue. A local concen-
tration of energy results, and the tolerance level is reached near the
surface of the body while the remainder is unaffected. (b) Fast nbutrons
transfer their energy to hydrogen nuclei (protons) which produce very dense
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ionization tracks in tissue. This localization of energy produces a biologi-
cal effect about five times greater than a more uniform distribution of the
same -totar energy, such as is produced by gammes.- (e) Thermal neutrons are
easily reflected by the body; only about one-fifth of those which enter it
are ultimately captured in the tissue. The physiological effect results fram
the subsequent absorption of the gamma rays which are emitted as a result of
a neutron capture.

Single overdoses of radiation react on the individual somewhat as
follows: -

A dose of 10 r produces a t.emporary decr ase iri blood count. The
decrease appears several days after exposure. A normal count may be
regained within a few weeks.

-A dose of 100 r produces nausea, a mild "sunburn", and a serious
reduction in the blood count. Recovery may '-e very slow, and the
susceptibility of the individual to subsequent overexposure is
increased..

-A dose of 1000 r is lethal, with death occurring something like
a week after exposure.

These figures are very rough, and take no account of very large indi-
vidual differences in ability to tolerate radiation.

SORCES OF RADIATION DECLASSIFIED
The Pile

The pile is by far the most powerful terrestrial source of radiation.
This may be shown by comparing the heat generation and gamma production in
pile materials with that in radium (Table III).

Gram for gram, the operating pile produces energy at about the same rate
as radium; or, the power generated in the entire pile is roughly equal to
that produced by about 1500 tons of radium. In contrast, about 2 pounds of
radium have been isolated since the discovery of the element.

Although radiation intensities are compared in Table III on the basis
of gamm emission, it should be noted that the -gammas from the pile are
responsible for only about one-eighth of the total physiological effect of
pile radiation. A man exposed to a hole through the pile receives about 12%
of his dosage from gammas, 84% from fast neutrons, and 4% from thermal
neutrons.-

Fortunately, the pile absorbs its own-radiations very strongly, so that
the number of particles escaping through the reflector is only about 1% of
the total number produced in the pile. Even so, the radiation fluxes out of
the reflector are enormous; about 1011 thermal neutrons, 109 fast neutrons,
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and 1011 gammas per square centimeter per second. - A man exposed to the
outside of the reflector would receive a lethal dose in a matter of seconds.
A table showing the location at which heat is generated by the various radia-
tions is given in Chapter III.

TABLE III

Comparison of Pile Materials with Radium

Heat Generation Gamma Intensity (r/8 hr.
(watts per gram) at 1 foot from 1 gI.)

Radium o.16 72

Average matter in 200-ton
250,000-kw- pile during operation 0.15 120

Average metal in pile

a) during operation 1.3 840

b) after 1-hour shutdown 0.013 74

c) after 60-day shutdown 0.0011 4.5

Because of the intense .neutron activity in the pile during operation,
practically any substance placed in the pile becomes radioactive.. Such cases
will be discussed in the following sections.

Pile Metal,

New slugs of heavy metal can be -charged safely into the pile by hand.
When the pile is shut down after a lone run, however, the gamma radiation
from the fission products in a single slug will produce a lethal dose in a
few seconds at a distance of a foot. The beta radiation has approximately
the same potency. The activity decays by a factor of ten in 2 hours, and by
another factor of ten in the next 60 days. The metal delivered to the
separation plant is therefore about 1% as active as freshly discharged metal.
In teimst5 hazard, this means that aged metal will kill in minutes instead
of in seconds, and massive shields are still required.

Cooling Water

The activity of the pile cooling water is -affected by the power level
of the unit, the purity of the water, and the thickness of the film on tubes

R 5/45 - -- 811
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and slugs. Under normal conditions of operation the following activities
have been observed in the water- (a) 7-second N1 6 produced by ann p re-
action of fast neutrons with 01 in the water; (b) 2. 4 -minute Al 2  roducedby nr reaction on the aluminum slugs and tubes; (c) 10-minute Mg27 from ann,p reaction on aluminum and also from n,r activation of magnesium in thewater; (d) 15-hour Na24 from n,r reaction gn sodium in the water and fromn,a reaction on aluminum; (e) 2.6-hour Mn 5 from n,7 reaction on manganese,
which enters the water as an impurity in the ferric sulfate added in thewater treatment plant; and (f) 37-minute C1 8 by n,r reaction on chlorideion. Dissolved chlorine and argon are also activated. These gases are sweptfrom the water stream by the air which enters the downcomer vent, and issuefrom the sewer vent near the retention bp.sin.

The Ni 6 activity is gesponsible for the hazard at the discharge faceduring operation; the Ak2 actijty dominates at the entrance to the reten-tion basin; and the Mn 5 and Na activities are the principal contributorsat the outlet of the retention basin.

Improvements in the technique of slug canning have insured that theJackets will fail rarely if at all. If such a failure occurs, activity entersthe water in two additional ways: (a) Fission products-recoil from the bareuranium metal into the water stream (normally, these fission recoils arestopped by the jackets). Some of these products emit delayed neutrons, andall of them emit betas and gammas. (b) Active metal dissolves from the barespots and is carried into the water stream. Jacket failure is of concern notso much because of the increase in water activity as because of the dangerthat the slug will swell and stick in the tube. It is therefore advantageousto detect failures and remove the imperfect slugs at the earliest possiblemoment. Water monitoring devices located in the six sample rooms are believedcapable of detecting the increase in activity produced by a blister failureof 0.04 sq.cm. in the most active slug in the pile, or 4 sq.cm. in the leastactive slug.

Helium DECLASSIFIED
Helium is the one element in which activity cannot be induced by neutronbombardment. However, the helium in the pile contains impurities which canbe activated. These include air and gases generated in the graphite andMasonite. Leaky tubes may introduce water vapor. The worst offender is theargon component of air. Active argon decays with a half-life of 110 minutesand emits energetic betas and gammas. The helium hazard is minimized byshielding and ventilation, as is described later.

Control Rods

The control and shim rods are of identical construction and contain onlyboron, aluminum, arid cooling water. Aluminum develops activities of half-lives2.4 minutes, 10 minutes, and 15 hours. A comparatively weak activity of 47-day half-life is introduced by an iron impurity. Immediately after a rod iswithdrawn from the pile, the intensity of the 2. 4 -minute activity is very high,
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of the order of 10 r/8 hours at a distance of one foot from the rod. The
rod cooling water also becomes activated. Normally, when the pile is running
with only one rod part way in, activity appears only in the hose line and
reel connected to this rod. The radiation intensity near the hose line is
small (tolerable at a distance of about 1 foot) because the hose contains a
relatively small amount of water. The intensity near the hose reel is som-
what higher. When a number of rods are inserted in the running pile, as
during a startur after a shutdown, additional hose lines become active.

The drop safety rods are made of boron steel. Only the tips of these
rods become very active, since neutron activity ceases when the rods are com-
pletely inserted in the pile. A trace of manganese in the boron steel picks
up enough activity in the act of shutting down the pile so that when the rods
are withdrawn again the intensity in their immediate vicinity is considerably
above tolerance. In one case, 4 hours after the unit was restored to power
after having undergone three successive scrams, a reading greater than 10,000
mr/hour was obtained close to the rods and another of 2000 mr/hour was obtained
at the fence which surrounds the rod area. The 18-hour and 4 7-day activities
of iron axe not significantly excited by scrams.

Since the drop safety rods are hollow cylinders with solid ends, they
permit a blast of radiation to escape from the pile during the time they are
dropping. No measurement of this blast is available, but estimates indicate
that a dosage of the order of 100 mr is delivered-to the area above the rods
in the 2 seconds during which the rods drop. Ordinarily, this blast is a
momentary hazard which occurs in an area to which access is limited.

When any rod is driven into the pile, carbon-dioxide is displaced from
the thimble. This carbon dioxide contains an active argon impurity which is
introduced by leakage of air into the thimble. Readings of the order of 1000
mr/hour have been found on top of the unit after a scram and before the venti-
lating air stream hap had time to sweep out the active gas. Some of the active
gas is carried by convection currents down the cold front face of the pile,
where readings of the order of 50 mr/hour have been observed shortly after
a scram. Similar down drafts have been detected at the experimental level.

Water. Tubes DECL SSIFIED
The 2004 water tubes are made of 28 aluminum with a 72S (zinc alloy)

coating on the inside surface. The tubes therefore develop the intense, short-
lived aluminum activities plus weaker, long-lived activities due to the iron
and zinc components.

An einpty tube through the pile emits an intense beam of radiation which
may be thousands of times above the tolerable intensity even after the pile
is shut down. The total amount of energy which escapes in such a beam is fairly
small, however, so that the amount scattered sideways by tools or other objects
placed in the beam produces no more than the tolerable intensity at points a
few feet removed from the direct path of the beam.
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Dummy and Special Slugs

Dummy slugs, used in the ends of active columns, become activated accord-
ing to their location in the pile and the materials of which they are made.
The perforated or solid aluminum dummies located in the reflector become very
active, as do the aluminum-encased lead dummies in the thermal shield. The
perforated or solid aluminum dummies in the biological shield are activated
relativelyFlittle. The lead and stainless steel dummies at the outside of the
biological shield and in the outlet fittings are activated mre by surface
contamination than by neutron bombardment.

Lead-kadmium alloy slugs ("P-dummies") used in the poison columns develop
the strong, long-lived cadmium activities. The radiation from bismuth slugs
is contributed mainly by the aluminum can. The emission of an active gas from
bare irradiated bismuth metal has been reported. _

Special test slugs, usually termed "papoose slugs", have an aluminum
extension in which test samples of graphite art exposed. The papoose is cut
away from the metal-containing part of the slug under water. This removes
the major part of the activity, but the aluminum papoose itself is quite
active. Caution is necessary in machining the papoose for recovery of the
graphite Samples.

Shield Plugs

In case it becomes necessary to remove any of a number of plugs from the
shield, special apparatus must be provided to prevent radiation leakage from
the hole and to shield the hot end of the plug itself. The magnitude of this
hazard may roughly be estimated from the fact that the long-lived gamma ac-
tivity in 1 cc. of iron removed from the side of the thermal shield nearest
the reflector will produce an intensity of about 10 r/8 hours at a distance
of 1 cm.

Carbon

Pura carbon is thought to develop only a weak C14 activity; however,
fairly strong activities due in part to traces of vanadium have been observed
in graphite of the grades used in construction. The small graphite samples
which are removed from test holes or "papooses" can be handled with a moderate
amount of shielding. Larger pieces, such as the three-inch graphite cylinders
in certain of the experimental holes, emit considerably greater amounts of
radiation and require more elaborate precautions.

Test Samples - Instruments

Various types of test samples, foils, ion chambers, "neutron thermopiles".
thermocouples, thermocouple leads and the like are activated by exposure to
neutrons. All neutron-irradiated materials are'monitored at the time of with-
drawal from the pile, and appropriate shielding or handling procedures are applied
when necessary.
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TYPES OF RADIATION HAZARDS

Irradiation of the Entire Body

A dose of 0.1 r per day has been specified as tolerable in total body
irradiation, or exposure of the entire body to a uniform field of radiation.
Such exposure is realized when the receptor is irradiated at a distance from
a small source, or close to a large emitting surface, or immersed in a body
of active gas or liquid. Beta rays, of course, will be entirely absorbed in
the surface layers of tissue. For gamma rays, on the other hand, self-
shielding by the body is small, and approximately the same energy absorption
occurs ineach unit volume of tissue throughout the body. If the receptor
is continuously immersed in a large volume of active air, the total beta and
gamma power generation in the air should not exceed about 10-14 watts per cc.
In water,-the limit is 10-11 watts per cc. To reach this dilution, a ton of
metal freshly removed from the pile would have to be disnersed in something
like a cubic mile of water or 1,000 cubic miles of air. This corresponds to
a dilution of about 0.001 parts per million in water or about 0.001 milligrams
per cubic meter of air.

Beams -

A narrow, intense beam of radiation issuing through a crack in a shield
may produce two effects in an observer: first, it may cause a local over-
exposure where it passes through the body; second, it may scatter in the body
and thereby affect a considerably larger region than traversed by the primary
beam. Under ordinary circumstances, a man exposed to an array of small beams
may be expected to move about so that the beams are in effect distributed
over a considerable area of his body. The important thing then is to keep
the total radiation leakage below the level where this "distributed" dosage
becomes dangerous.

Inhalatioi DECSSIFIED
Radioactive gases or dispersions of active materials may be hazardous if

inhaled. Inert gases such as argon or xenon are not appreciably absorbed by
the lungs so that the hazard in this case-ia due mainly to the beta activity
in the volume of air contained in the lungs. Non-gaseous fission products, or
the product itself, may be deposited in the lungs and transferred to other
tissues.

Ingestion

When active materials are swallowed, the amount retained in the body de-
pends strdbgly on the chemistry of the active subatance. For example, iodineand cesium are 100% absorbed, barium and strontium 10%, the normal mixture of
fission products 5%, and most fission products less than 1%. In general, therate of elimination is slower than the rate of decay of the activity, except
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perhaps for very long-lived activities. The activities tend to deposit in

specific tissues. For instance, iodine goes to the thyroid, cesium to the

muscles, and barium, strontium, and fission products to the bones.

Contamination

Radioactive materials cling tenaciously to hands and clothing, and are
extremely difficult to remove. For example, washing with soap removes only
about half of the activity from contaminated clothing. A man who handles an
active material may carry away enough of the activity to produce local damage.

SHELDING OF THE HANFORD PILE

The structure and function of various parts of the Hanford pile shield
will be discussed in this section. Fig. 1 presents an over-all picture of
the pile. Various structural features of the pile and shield are shown in

Figs. 3-6. The absorption of radiation in the shield is shown diagrammati-
cally in Fig. 2, and the scattering of radiation in a labyrinth is shown in

Fig. 7.

Thermal Shield.

The thermal shield, which is essentially a box -of iron 10 inches thick,
absorbs about 97% of the energy emerging from the reflector. This heat load

amounts roughly to 1 megawatt, and is carried away by circulating water.

Approximately equal numbers of slow neutrons and gammas impinge on the
thermal shield, and in addition there is a small fast neutron component. The
radiation which emerges from the thermal shield consists of roughly equal
numbers of fast neutrons and gammas, plus a small component of thermal
neutrons. The thermal shield therefore acts as a sort of filter which strains
out the thermal neutrons and most of the gammas, and so prevents overheating of
the Masonite in the biological shield.

The thermal shield is built of blocks which -overlap each other at the
edges so that no crack passes straight through. _This eliminates local hot

spots in the biological shield or in the concrete base of the pile, and con-
tributes substantially to the over-all effectiveness of the thermal shield.

Biological Shield

Although the thermal shield greatly reduces the radiation intensity, a
man exposed to the outside of it would still receive a lethal dose in a few
minutes.- The function of the biological shield is therefore to reduce the

remaining radiation to a tolerable level. This is done by a laminated
structure containing six 4 1/2 inch layers of Masonite alternating with six

3 3/4 inch layers of steel. Tests indicate that this structure, on the
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average, reduces the neutron intensity by a 
factor of ten in 4 1/2 inches.

Th entire biological shield should therefore produce a reduction 
of about

1iO in the neutron intensity. The factor-of reduction for gamma is sen-

what less. The radiation leakage through the solid portions of the 
shield

is far below the tolerable level. Under similar conditions, about 17 inches

of ordinary concrete are required for a ten-fold 
reduction, and a concrete

structure equivalent to the laminated shield would have to be about 15 feet

thick.

At the working faces of the pile, the shield is built up of blocks,

Each block is a cube about 4 feet on a side which carries the "gun barrels"

and associated fittings for 36 water tubes. The edges of these blocks are

fitted together by tongue-and-groove joints which effectively prevent the

direct escape of radiation from the thermal shield to the operating areas.

At the sides and top of the pile, the iron and Masonite layers are fitted

into a structure of parallel T-beams in such a way that the nearest thing to

a direct avenue of escape is the iron supporting plate (the stem of the T)

which passes between adjacent sections of the laminated 
structure. This

construction is safe by a large margin even for fast neutrons. At the edges

and corners of the pile, the laminations form a series of lap joints to block

direct escape.

At the base of the pile, the thermal shield rests directly 
on the

concrete pedestal. The face and side laminated shields extend down into the

pedestal to form a skirt which prevents leakage of radiation through the

concrete.

The biological shield is encased in a welded steel box which 
serves to

confine the helium. At the working faces of the pile this 
box forms the tube

dheet. The base of the box is a steel sealing membrane embedded in the 
con-

crete pedestal.

Water Tubes ECLASSIFIED
Since the biological shield provides an enormous factor of reduction,

any small hole through it is likely to permit 
substantial leakage of radia-

tion. Consequently the design of apertures to accomodate water tubes,

control rods, and experimntal channels calls for close tolerance and a

considerable amount of mechanical elaboration.

The water tubes, where they pass through 
the shield, must be allowed a

certain amount of play to permit thermal expansion 
and relative motion of

tube, pile, and shield. This has been provided. Working out from the center-

line of the tube, one finds in order:- (a) a dummy slug, (b) a water-filled

annular passage, (c) the rubbed aluminum tube, 
(d) the close-fitting steel

"gun barrel", anchored at one end to the tube sheet, at the other in the

carbon, and supporting a thermal shield block, (e) a series of six steel

"doughnuts" closely fitted to the gun barrel, (f) another series of six steel

doughnuts, staggered with respect to the first series and closely fitted to

(g) the large steel tube which passes through the laminations of the shield

block. This staggered doughnut construction permits the gun barrel and its
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aluminum tube to move sideways without opening up a direct avenue of escape
to the radiation. Longitudinal motion of the aluminum tube with respect to
the gun barrel is provided by a sylphon bellows which joins the two outside
of the tube sheet.

The gun barrel-doughnut-supporting tube structure being made entirely
of iron, might appear at first glance to be a sizable window for fast neu-
trons. It turns out, however, that the iron scatters the fast neutrons into
the masonite where they are quickly slowed down. This construction is there-
fore feasible.

Clearances are small enough so that leakage through the aluminum tube

and the gun barrel, for instance, is quite small. The greatest danger occurs

when the water drains from a tube, since then radiation can escape directly
through the annular gap around the dummy slugs. During discharging, a
nominal flow of water is maintained to prevent this escape and to keep the
metal cool.

A similar doughnut structure is used where the cooling water for the
side thermal shield passes through the biological shield.

Control Rods DECLASSIFIED

Control and shim rods pass through close-fitting holes at the side of

the shield. The leakage out of these holes is fairly large, and in addition

the rods themselves become radioactive. For this reason those parts of the
rods which enter the pile are enclosed in a "hot room" with 28 inch concrete
walls. The cooling water emerging from those control rods which are in-

serted in the operating pile is activated. but shields are not required be-

cause the radiation intensity falls to the tolerable level at distances of the

order of-a foot from the hose lines. The hose itself stops a large fraction

of the beta radiation. In case it becomes necessary to remove the hot end of

a rod, the rod is withdrawn into the hot rod room and allowed to cool while

the hole in the shield is plugged by remote control. The hot rod room is

shielded by heavy concrete walls and is connected to the apparatus room by a
pair of labyrinths. If necessary, an active rod can be pulled out through the

apparatus room and through openings in the building wall.

Active argon which enters the hot rod room when rods are inserted or

when the thinibles are purged is swept out by the ventilating air.

Safety Rods

The tips of the drop safety rods are exposed to continuous neutron bom-

bardment, and hence are very active. They mst be removed in shielded con-

tainers. The main part of the rods receives bombardment only during scrams,

and is mch less active. The activity is great enough, as noted previously,

so that the area above the unit can be entered only for limited periods 
when

the rods are up. Leakage of pile radiation through the clearances around the

rods appears to be small in comparison t6 the radiation from the rods them-

selves. In case a safety rod gets stuck part way into the pile, the radiation

R 5/45 -819 - 00

a



AESSIFE 2.

Lh

0i

"I

i

L

V

---

I II
/

------------- -;------------- -------------------- I .............. ......... .....F , 1i

I --- ------

A

<p.

~LI r

~ d u1ii~

I S77;(
-I'

it

.ii -

I~I

U. '-

* ~*1~

- a
-~ Co

C)
S

* 3'

a
In

z
0

II.
... I.. .7'I ~ rNIH

iL~
I K

s-I l~
6

E4

pri

III i

~11 _____

--- U-
-7---

tilt

K ~
'hi

enen

-p..=

C,
0
-c
r
0

In

C,

'I

'A

C,

w

Olff, t t -I -

I
RF
I

MHOR M



ca

--

C)4

4u

-Jh

U11S Yv731u

K' U

'I]

p
t

4-

I

U. I . -k-



HW-IOA7-SESC B

SECTIONAL VIEW OF PILE FROM TOP

... ..... ..... ....

* ttl d F M I *

'i-=ff~ ____

St

CO. 6 3ER.Es C
FIGURE 5

nIChSFE

I 4 1;1 1

-- rn--n-- P-

CIEn

Ii,'

,,- >tr~,,

I.

-ti

-4

I~ ~ ~1'~

I plivii 1;1#,

di
I

j

7

'T



0

%SECTION AL VIEW OF THERMAL AND BIOLOGICAL SHIELDS-

srt:ZZZjrin E " r _

sEE ML ACED E rx ~- MIN

WI 10

-DI.

rrl
E4rE. AM 0

SMD) N"A-'

"A
r

/

7;
A
/

5-

-p

-s -

ENLARGE VEW z.

C0

C042

0

z
P x

G1

CCA
m) r)

n 0S

I



HW-10475-SEC. B

COPY NO. SERIES C

SHIELDING OF TE HANFORD PILE

leakage through the hollow body of the rod may be great enough to impede re-
pair of the rod. This leakage is stopped by flooding the thimble with water.
The water is introduced through the spiral passages which serve the third_
safety device.

Experimental Holes

The six experimental holes, which may be found at the left of Figs. 3
and 5, are designated by letters A through F. The uses to which these holes
are put vary somewhat in the different units. A typical arrangement used _in
"B" Area is as follows:

"A" hole contains a boron-coated ion chamber which is used differentially
with the chamber in "D" hole to monitor the pile power. Where it passes
through the active lattice and the reflector, the "A" hole contains a column
of graphite to reduce neutron streaming. _Where it passes through the thermal
shield, it contains a short shield plug to reduce the radiation reaching the
chamber. - The chamber cows next, and is backed up by a laminated plug of
iron and masonite.

"B" hole contains facilities for exposing samples of graphite or other
materials to pile radiation. A 3 1/2-inch aluminum thimble enters the pile
through a stepped plug in the biological shield. The plug is of laminated
construction. The thimble is filled with graphite in which are bored nine
1/2 inch holes spaced around a central hole. Where it passes through the
shield, the thimble contains a laminated plug, bored to match the holes in
the graphite and closed during operation by 1/2 inch rode of lead, 5 feet
long. (6oling water and helium are introduced through the central hole.
The water returns through onp of .the peripheral holes and is carried away in
a lead pipe. _ The helium returns through the graphite and sample tube structure
to provide an inert atmosphere with good heat transfer properties. Another
peripheral tube contains a thermocouple, the leads of which are brought out
through staggered slots in a 5-foot steplirod. The remaining seven holes are
used for graphite test samples. The test samples are inserted in the pile in
aluminum carriers which are withdrawn during shutdowns into a cylindrical lead
shield. This shield affords protection against the intense aluminum activities.
The graphite samples are discharged from this cylindrical shield into small
lead capsules in which they are stored and handled in the laboratory.

"C" hole contains a helium thermometer which measures the graphite tem-
perature The thermometer is a helium-filled aluminum cylinder located near
the pile center. A capillary tube is brought out through holes in the graph-
ite cylinders which fill most of the length of the thimble. Where it passes
through the shield, the capillary is carried in a spiral groove machined in
a steel plug.

""D" hole contains an uncoated ion chamber in an arrangement similar to
that of "A" hole.

At p esent "E" hole contains a thermncouple -for the measurement of graph-
ite temperature. It has a half-inch thimble which is plugged by a close-
fitting steel rod.
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"F" hole also has a half-inch thimble plugged by a steel rod. This hole
contains a neutron thermopile to measure the pile power.

Radiation leakage through these experimental holes may exceed the toler-
able amou-nt either because of loose clearances or because the shield plugs
are not long enough, as in the case of the "A" and "D" holes where the ion
chambers occupy a considerable fraction of the shield thickness. In such
cases auxiliary shields of lead and paraffin are built up outside the pile
until the intensity is sufficiently reduced.

Ion Chamber Tunnels

Ion chambers which register the pile power on Beckman meters are located
in the pile pedestal (Figs. 1 and 3). During operation, the entrances to the
tunnels are closed by blocks of concrete._ The chambers may be introduced and
removed by remote control. The chambers are located under risers which run
vertically from the tunnels to the thermal shield._ Lead plugs are inserted
in the thermal shield just above the ends of the risers. These plugs act as
filters which transmit neutrons but hold back the gamma radiation from the
pile, and thereby reduce the gamma background of the chambers. The risers
contain tanks which may be filled with water to reduce the sensitivity of the
chambers, but this feature has been found unnecessary.

Discharge-Area DECLASSIFlED
The discharge area can be entered only when the pile is shut down or

running at low power. It cannot be entered during operation because of the
activity of the pile water, nor can it be entered during the discharging
operation because of the presence of active metal. The entire area is
enclosed in -5-foot concrete wal.s.' !Daring operation and disdharging, the
pile face is observable through shielded periscopos in the ceiling and
through a "fly-eye" viewing device and shielded periscope in the wall.

Entrances to tne area are protected by concrete labyrinths, which are
so &esigne& that radiation must bounce:at least twice before it can escape.
The way in which the energy and intensity of radiation are decreased by
scattering in a labyrinth is shown in Fig. 7. Thin sheet lead is provided
on the labyrinth doors to protect against a diffuse scattered component of
low energy.

Active slugs are discharged into buckets and transferred to the lag
storage basin under not less than 15 feet of water. When ready for shipment
to the 200 Area, the buckets are placed in a lead-cask with walls 12 inches
thick. The cask is transported under water in a special tank car. The
function of the water in this case is merely to cool the metal. The cask
itself provides adequate shielding.

If any substantial breakage -of jackets occurs during discharging, it
may be necessary to segregate the broken slugs, since otherwise the amount
of metal dissolved in the water in the lag storage basin or in the tank car
may be-coma hazardous. The jackets appear to be sturdy enough so that this
possibility is fairly remote.
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An emergency cab is located on the elevator so that the discharge area
may be entered. in an emergency even though the radiation intensity is very
high. The cab is essentially a rotatable turret-shielded with seven inches
of lead and mounted on a truck.' The turret is equipped with a periscope and
power-driven tools. The cab is entered by way of a shielded passage located
on the fourth walkway.

Cooling Water Conduits DECLASSIFIED
Active cooling water is discharged from the crossheaders into risers at

either side of the pile. The riser on the experimental side of the pile con-
nects to a croasheader imbedded in the concrete ceiling of the discharge area
which also forms the floor of the elevator room. The crossheader is shielded
from the elevator room floor by 33 inches of concrete. The crossheader joins
the riser on the control side of the pile and discharges into a downcomnr.
The control room is shielded against radiation from this riser and downcomer
by 3 feet of concrete plus 2 inches of lead. Corridors and labyrinths in
this vicinity are shielded by at least 2 feet of_ concrete. The downcomers
at "B" and "D" Areas empty into cushion chambers which are covered by con-
crete floors 39 inches thick. Flumes covered by 30-inch concrete floors
carry the water into the sewer at these two areas. At "F" Area the downcomer
runs directly into the sewer.

Originally, the sewer lines at B and D were vented in two places, one
just outside the 105 Building and the other near the 107 Building. The dis-
covery that active gases are swept out of the water stream made it necessary
to block the vent near the 105 Building, so that these gases are now dis-
charged at a relatively isolated point near the retention basin. "F" Area
has no sewer vents, and entrained air is carried to the inlet of the retention
basin. Special baffles in the downcomer, however, have decreased the amount
of air entrained in the water to an extent such that it can be tolerated.

A radiation intensity of the order of 10-15 mr/hour is observed at the
107 inlet- during normal operation and during purges with the pile shut down.
The basir has no shielding beyond the ordinary structural thickness of con-
crete and a low concrote parapet above the level of the water.

SanMle Rooms

The activity of the pile water is monitored-for the detection of jacket
failure in six "sample rooms", three at either side of the discharge area.
Leakage of radiation into these rooms from the risers and downcomer is kept
far below the physiological tolerance level by 5-foot concrete walls faced
with 2 inches of lead. The extra precaution is taken to prevent interference
with the measuring instruments in these rooms. Active water from the dis-
charge headers is brought in through sampling lines. The quantity of active
water is small enough to be handled without additional shielding.

R 55 -826 -
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MONITORING

1elium System

Leakage of pile radiation through the helium system is prevented by
several right-angle bends in the helium ducts, which are located in the pile
pedestal and associated concrete. These bends form an effective labyrinth.

Activities which appear in impurities in the helium stream are taken
care of in two ways:- (a) Any helium which leaks through the biological
shield is swept out of the operating areas by the ventilating air, which
moves at a velocity of 100 ft./min. This air sweeps upward over all faces
of the pile and is vented at the top of the building. (b) The helium ducts
and purification plant are heavily shielded with concrete. Shielding against
an active gas is comparatively easy because the density, and hence the number
of active atoms in any given volume, is low. The shielding of the helium
plant is adequate for helium containing at least 10% air. Normally, the air
content does not exceed 1 or 2%.

MON2ITORING DECLAS FE
Generous safety factors have been allowed in most of the shields. This

was necessary because of uncertainties in the data available for design and
because of the likelihood that hazards would appear in unanticipated ways.
For example, the intense N16 activity in the pile water was not discovered
until construction was in progress. In many cases a large factor of safety
was obtainable at the cost of a small increase inithe thickness of the shield.
The final-test of any shield, however, is .a measurement of radiation made on
the spot and under the exact conditions in question. Consequently, an active
program of radiation.monitoring is highly important.

During the period of startup and initial power operation of a unit,
radiation-intensities at the pile shield and in surrounding areas must be
carefully-surveyed. For example, on one unit it was discovered that the
carbon dioxide supply to the safety rod thimbles permitted air to leak in,
with the result that active argon was driven out when the rods were scrammed.
It was alio found that the drop safety rods picked up appreciable activity
in the short time required to shut down the pile. The entrainmnnt of air in
the downcomer swept active gases out through the sewer vents and made it
necessary to seal off the one near the pile. These hazards were detected
while the-pile was operating at low power, and immediate steps were taken -
to neutralize them.

During normal operation, continuous records are kept of the radiation
intensities in a number of locations. Pile water is monitored at the pile
to detect jacket failures, and at the retention basin to insure that it is
safe to discharge into the river. Ventilating air is monitored to detect
helium leakage. Intensities in the discharge area, the hot rod room, the
apparatus -oom, the area above the pile, and the helium entering and leaving
the pile are recorded continuously. G.E. chambers or Integrons are located
in areas which are constantly populated orwhere an intermittent hazard may
exist. Su-ch areas include the -control room, the experimEntal level, and the
transfer area.
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MONITORING

Entrance to hazardous areas is controlled in such a way that no one
enters until radiation masuremnts have shown the area to be safe. Allpotentially hazardous operations are monitored by mans of portable instra-wnts.

DECLASSIFIED
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HANFORD ENGINEER WOICS TECHNICAL MANlUAL

SECTION B - PILE _

CHAPTER IX - CHARGING AND DISCHARGING

One of the features of the Hanford piles which makes them practical for
production is the possibility of removing irradiated metal from the lattice
and charging in fresh metal by a relatively straightforward procedure. The
method and equipment used for charging and discharging the piles aIe discussed
in this chapter.
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PRINCIPIES F TH JPERATION

PRINCIPLES OF CHARGING AND DISCHARGING

Description of the Procedure DECLASSIFlED
etal is charged into a Hanford pile by pushing the cylindrical slugs

into one end of the aluminum tubes. One slug is pushed in a, a time and
serves to push others, already in a tube, ahead of it. If the tube is com-
pletely filled with slugs, as it is during regular production, the charging
of fresh slugs results in the simultaneous discharging of processed slugs
from the opposite end of the tube. Charging and discharging are therefore
one and the same operation.

The slugs are pushed into the tube by means of a hand-operated charging
machine which is clamped to the charging end of the tube. Several charging
machines may be used at the same time for charging different tubes. The
machines are raised to the proper level on the charging face of the pile by
means of an elevator. During charging the flow of water in the tubes is a
fraction of that during operation, since the discharge end of the tube is
completely open. A small flow must be maintained, however, since the slugs
continue to give off some heat after the pile has been shut down.

Live slugs and dummy slugs are charged in the sequence specified by the
particular charging pattern in use. This pattern also determines the order in
which the tubes are charged. The pattern-itself is governed by a number of
considerations whidh are discussed elsewhere in this section of the manual.

The pile is normally brought from full power to zero level over a perioa
of about 1 hour, primarily to avoid large temperature differences. This
factor, together with a normal delay of from one-half to several hours for
minor maintenance work, permits the activity of the slugs in the pile, which
would be very intense immediately after the pile was shut down, to decay to
a much lower level. Even then the discharged slugs are so active that no one
may remain inside the discharge space. The discharge space is surrounded by
heavy concrete shielding as a protection against this radiation.

The discharged slugs fall into water and then slide down one of three
inclined chutes to receiving points in the storage basin area. The water
serves as an excellent shield. Provisions are made for sorting the active
slugs and the various types of dummy slugs. The buckets of active slugs are
transferred under water to casks which are heavily shielded with lead. The
casks are then lifted out of the water and placed on a specially designed
railway car, which is used to transfer them to a temporary storage or to a
separation area. The dummy slugs are stored under water until the activity
has decayed enough for them to be handled safely without shielding.

The decay of xenon poison during shut down, burn out of xenon when the
unit is restarted, and variation of pile co-efficients which are all treated
in detail in Chapter XIII, put a definite limit on the time during which the
pile can be down for discharge. These factors, together with the need for
keeping the unit running in order to obtain maximum production, make it im-
perative that the discharge operation be done as quickly as possible.

-9 9 0 3 -
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In discharging the unit the operations of getting in and out of the back
face and sof changing pressure on the headers were found to be among the most
time consumming. Accordingly, the method of charging and discharging which
has now been adopted has been designed to minimize these operations.

In order to do this the pattern of tubes to be discharged is selected
to involve as few headers as possible. Then, sufficient equipment is pro-
vided to set up completely as many as twenty tubes on the discharge face,
making it unnecessary to enter the discharge area until these tubes have all
been discharged. As a further time saving element, twenty charging heads are
provided so that the tubes being set up on the rear face may also be set up
on the charging face at the same time. When charging is ready to commence,
it is necessary, therefore, only to connect actuating units to as many charg-
ing heads as room on the elevator permits and proceed with the operation.

It has been found that if water alone is present in the tube at the time
of discharging, the slugs may seriously gall the aluminum ribs of the tubes
and in turn may themselves be badly scarred. The present discharging proce-
dure, therefore, calls for the addition of a lubricant to the tube at the
time of discharging, which not only prevents scarring of slugs and tube ribs,
but also greatly decreases the pushing forces required to displace the column
of slugs.

Description and Arrangement of the Slugs

A pile contains active, poisoning and dummy slugs. The poison slugs are
used to improve the power output by modifying the heat distribution. The lead
filled dummy slugs serve to reduce the escape of gamma radiation through the
ends of the cooling tubes. Perforated aluminum dummies are used to fill up
space not required for active slugs or lead slugs. Their design is such that
they minimize pressure drop through the length of the tube, and the water that
they contain is helpful in shielding against neutrons.

Each tube that contains cooling water has two stainless steel slugs at
the discharge end, their combined length being 131/8 inches and having a
1-1/2 inch section at the upstream end, immediately below the pigtail connec-
tion, reduced to 1-inch diameter. Those tubes that contain active metal have
three aluminum covered lead slugs on either side of the active pieces, two
placed near the active slugs and one at the outer end of the column. Perfo-
rated aluminum tubular slugs fill the intervening spaces.

Usual practice is for all pile tubes to contain either active metal or
poison. At some time, however, some of them at the outside of the unit may
not be required for either of these purposes. If so, some of them may be
filled with solid aluminum dummies except-for a 13-1/8 inch stainless section
on the outlet end and will have cooling water run._through them. Others at
the extreme outer fringes of the pile may be used without cooling water.
These are capped and plugged with grooved steel slugs to prevent the escape
of radiation and activated air. The arrangement of poison slugs is discussed
in Chapter XII of this section.

The metal slugs are 8.7 inches long and have a diameter of 1.440 inches.

-904
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The poison slugs contain 10 cadmium and 90 lead. They are 6.14 inches
long and 1.44 inches in diameter.

The stainless steel dumny slugs are 1.440 inches in diameter but may be
5-1/8, 6-1/8, 7, or 8 inches long. They are used in combinations to provide
a total length of 13-1/8 inches with a reduced section at the upstream end.

The solid aluminum slugs used in water carrying tubes outside the load-
ed volume are 8 inches long and 1.44 inches in diameter.

The aluminum jacketed lead slugs may be either 6-3/16 inches or 6-7/16
inches long. Those that are 6-7/16 inches long have a double aluminum can,
while the 6-3/16 inch length have only a single jacket. Both are 1.440 inches
in diameter. The perforated aluminum dummies used as spacers in the same
tubes are 8 inches long and have an outer diameter of 1.440 inches and an inner
diameter of 0.964 inches.

The closely fitting steel slugs which plug the ends of the air filled
tubes have slots milled out to conform to the ribs of the aluminum cooling
tubes. These slugs are 1.58 inches in diameter and 8 inches long. Twelve of
these slugs are used in each end of a tube.

Numbering of the Tubes [ECLASSIFlED
In order that any one of the 2004 tubes in the pile may be easily iden-

tified for- charging and for keeping production records of the growth of product,
a system of numbering based on rectangular coordinates has been adopted.

The tubes are arranged in a rectangular pattern on the charging face, with
the oorne.s unfilled. The horizontal rows of tubes are numbered consecutively
from the bottom to the top, considering the bottom row to be 01, the next row
02, and so on to 46. The vertacal rows of tubes are also numbered consecu-
tively, beginning with the first row on the left as one faces the charging end
of the tubes. These numbers run from 51 to 96.

The tubes themselves are then numbered according to the numbers of the
horizontal and vertical rows which define them. Thus, the tube in the 9th
horizontal row from the bot'tom and the 15th row from the left is numbered
0965; the one in the 16th horizontal row and the 6th vertical row is 1656 and
so on.

Accounting System

The amount of product formed in a slug of metal in the pile aepends on
the number of kilowatt-hours which the pile has run since the slug was charged
and the position of the slug in the loading pattern used. It is necessary to
know these data in order to determine the proper discharging time. Therefore,
a record is kept of the growth of product in each tube. This is conveniently
accomplished by accounting machines which keep this record for each tube on a
suitably perforated card. The cards for tubes containing concentrations of
product within a certain range can be automatically sorted out by the machines
and used as a guide for discharging. The means of arriving at discharging

-90R
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schedules are discussed in Chapter XI of this section.

EQUIPMENT

Elevators

Elevators are located at both the charging and discharging ends of the
pile to permit access to the pile faces. They can be stopped at any position
up and down the face of the pile. Thia permits placing the elevators in a
convenient- position for attaching and operating the charging machines. The
speed of the elevators is 20 feet/minute and the maximum permissible load is6ooo pounds for the front and 50,000 pounds for the rear elevator which carries
a shielded cab designed to permit work in the presence of strong radiation.
The elevators are shown in Figure 1. Note that the discharge elevator must
always be at its top position when pushing is going on, to insure against ac-
tive pieces coming to rest on it.

The elevators are normally controlled from the elevator itself. There
are additional controls for the discharge elevator in the monitor room and on
each balcony in the discharge area. There is also a set of controls for the
front elevator in the work area.

Charging chines

The charging machines are of the lever-operated type, and consist of two
parts as shown in Figure 2. These two parts are called the charging head and
the operating mechanism. Charging heads, up to 20 in number, are attached to
a group of tubes on one horizontal row to be discharged before actual dis-
charging is begun. When the back face of the unit is cleac the operating
mechanism is rolled along the elevator rail until it is opposite the first
tube to be discharged. Approximate horizontal alignment between the two prarts
is obtained by positioning the elevator, and final alignment is secured by a
rack and pinion on the carriage table. When the two parts are properly aligned
a pin in the cvnnecting link is engaged in a hole in a lug on the charging head,
fastening the two parts rigidly together, and the operating link is engaged
with a pin in the plunger.

In operation, slugs roll from the magazine of the charging head into the
open trough, which forms a continuation of the tube. From this position the
single slug is pushed into the tube by means of a plunger actuated by the
lever of the operating mechanism.

Lubrication.System

A short length of hose with a quick coupling is permanently attached to
each charging head. The coupling is engaged, at the time the charging heads
are attached to the unit, with a fitting and valve- which are a part of an oil
manifold mounted on the elevator rail. Neoprene gaskets in the charging head
prevent flow of fluid out of the charging head when solid pieces are inserted
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in charging position.

Lubricant is supplied to the oil manifold by means of a pump and motor
from a 70-gallon tank mounted on the elevator. Manifold pressure is control-
led by an automatic regulating valve.

Lubricant is supplied the elevator tank through a flexible line from a4 70-gallon tank on the floor of the work area each time the elevator is
brought down for a new load of slugs. The small elevator tank has sufficient
capacity to lubricate twelve tubes, which is as much metal as the elevator
can safely carry. The large work area tank has sufficient oil for a complete
discharge.

Discharge Fixtures

Twenty discharge fixtures as shown in Figure 3 are provided in each area.
They are attached to the discharge nozzles of the unit by tipping up the down-
stream end and bringing the top lug of the bayonet fixture of the nozzle into
engagement with a hole in the discharge fixture. Their function is tsof old:
to bring the slugs far enough out from the unit so that they cannot strike
nozzles below, and to catch and drain off the lubricant. If allowed to fall
in the basin the lubricant would cloud the water excessively and present a
potential hazard by contamination of the basin with active material that it
serves to -concentrate.

Oil Drain System D C ASSI E
A short length of hose is attached to a nipple at the bottom of the

reservoir on the discharge fixture. This hose takes the lub'ricant to an open
trough which in use rests on the second horizontal row of nozzles below the
one being discharged. This trough takes the oil to a vertical drain line on
the near side of the discharge area, and from there the effluent is taken to
the process sewer. When not in use the open trough is carried on the dis-
charge elevator rail by hooks which are provided. Figure 4 illustrates the
oil drain header and three discharge fixtures in place.

Discharging Chutes

The slugs that are pushed from the pile fall into one of the three
neoprene lines concrete chutes which are under water at the rear face of the
pile. Neoprene mate arranged as shown in Figure 5 absorb most of the energy
of the falling slug and reduce the possibility of damage to the jacket. At
the pile end, the chute is 4 feet below the surface of the water and then
slopes downward at an angle of 36 degrees. The chute passes through the
5-foot concrete protecting wall and disonarges at a point 4 feet 6 inches
above the floor of the discharge basin.

Buckets and Yokes

Stainless steel buckets are employed for normal discharge and storage
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of active slugs. For the storage of dummy slugs and emergency unloading of
the pile, galvanized steel buckets are available. The buckets for the active
slugs hold half a ton of metal each.

The buckets are suspended under approximately 18 feet of water on trun-
nions and removable yokes. The yokes are 25 feet long and are carried by
individual carriages which ride on a monorail system. The bucket, yoke and
carriage, with suitable identification cards, are moved as a unit into the
storage basin, where they are kept until the bucket is transferred to a cask
for shipment to the permanent storage area. Some_ of these details are shown
in Figure -. - The chute extension into the storage area shown in Figure 6
is not now in use but may be added at a later date to facilitate handling of
the slugs.

Scales DECLASGIFIED

When the buckets are in the position to receive slugs, they are suspended
from a section of monorail that is connected to a_ scale. This scale is sen-
sitive enough for verifying the count of dummies and slugs.

Each of the discharge chutes is provided with two scales.

Storage Facilities

Before the active metal is transferred to a separation area, it can be
stared temporarily in the storage basin adjacent to the transfer area.

This basin is about 81 feet wide and 68 feet long and is divided into
two unequal sections. The smaller is for storage of active metal and the
larger for__dummy slugs. The buckets containing the slugs can be carried to
any portion of the basin by means of the monorail system. Provision is made
to allow flow of water up to several thousand gallons/minute through the
basin.

At the end of the basin opposite the pile discharge area, facilities
are provided for removing the buckets from the water to flat cars for transfer
to a separation area. These facilities consist of a crane and equipment for
handling the lead casks into which the buckets are placed. The transfer and
storage station is shown in Figure 7.

Optical Instruments -

Periscopes are provided to enable operators to view the discharging
operation without exposure to radiation. One is located in the ceiling of
the space at the discharge end of the pile and one at the wall opposite the
rear face of the pile. The so-called "Fly-eye" viewer, which contains four
wide-angle lenses, is also located at the latter point. One of the most use-
ful of the-periscopes is located in the door giving access to the cab en-
trance. This location provides the best overall view of the discharge area
while discharging is taking place. One other periscope which may be used
from the labyrinth leading to the discharge area balconies has also been
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provided. Its use is limited by the fact that more of its view is partially
blocked by elevator equipment and piping.D

PROCEDURE FOR CHARGING AND DISCHARGING

Preparation for Charging

The active slugs are brought from storage in Building 103. For ease
of handling, they are packed in small wooden boxes which contain six slugs
each. For identification dummy slugs are packed in boxes of different
sizes.,-

Charges Of the proper number of slugs and dummies are made up for each
tube, according to the charging schedule in use at the time, and are moved
to the charging elevators as needed.

-The harging schedule, which specifies the number and arrangement of
slugs and dummies in each tube, and also the number and location of the
tubes to be charged, depends upon the particular _pattern used and the opti-
mum size of the charge for the conditions under which the pile is operating.
This subject is discussed more fully in Chapter XI of this section.

A full tank oi lunricant which consists of a 50-50 mix of A-b Calol
Soluble Ofl and water is made up and agitated with a motor stirrer until
thoroughly mixed.

Discharging Procedure

Prior to discharging, the pile is shut down by moving in the shim and
zagulating rods. The power level is dropped to zero in a stepwise manner
over a period of about 1 hour. During this time the activity of the metal
decays toma level that assures against boiling of the water at the reduced
rates of flow used during discharging. Escape of radiation from the ends is
also reduced as a result of the shut-down period.

The previously prepared charges for the tubes are taken to the level of
the tubes to be charged by means of the chargingend elevator. The discharg-
ing end elevator Is raised to the same level. Before the caps are removed ~
from-the tubes to be ,discharged, the pressure differential is adjusted to
about 20 inches of water by reducing the flow through the affected tubes.
This results in a flow sufficient to remove adequately the heat which is
generated in the tubes during the discharging period. The oil drain cross
header is put in place, caps removed from the tubes to be discharged and
discharge fixtures and charging heads attached.

As soon as preparations on the back face hate been completed the area is
vacated ad all doors giving access to the area securely locked. On the front
elevator lubricant is injected into the tubes to be pushed for two minutes
before charging starts. This assures an adequate concentration of lubricant
throughout the entire length of the stringer. Operating mechanisms are

916 -
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connected to the tube or tubes to be pushed first and charging is ready to
begin.

The slugs are charged into the tube by placing them, in the proper
order, on the charging head magazine and simultaneously operating the charg-
ing handle. After the tube is completely charged, four dummies are forced
in. These are later withdrawn, leaving the charge in very nearly its final
desired position in the tube. This process is repeated until all tubes to
be discharged on one horizontal row have been completed.

When discharging is complete the rear face is re-entered. Before cap-
ping the tube it is necessary to move the column an inch or two either way
so that it will finally be at rest with the last slug in contact with the
discharge end cap. This final seating of the column is done after the
charging heads and discharge fixtures have been removed from the tubes.
When all selected tubes on the header have been discharged, the water flow
is charged back to shut down condition, by opening the valves to the inlet
header and closing the valves to the atmospheric drain on the end of the _
face. The whole operation is then repeated on the next header to be dis-
charged. It is normally necessary- to take the charge elevator down tc zero
level for-another load of slugs and lubricant some time during the period
when headers are being changed.

The dummy slugs are sorted from the metal slugs on completion of the
discharge. After temporary holdup in the storage basin, the buckets contain-
ing the active slugs are taken by mans of a crane to the transfer station
where they are loaded into lead casks. A transfer station is illustrated in
Figure 7. After the bucket of slugs is in position the cask with. its lid is
lowered into the channel provided for it. Before the cask reaches the bot-
tom, the lid is engaged by stops which hold it while the cask continues its
desent. When the cask reaches the desired level, it is moved laterally
until it is under the bucket. The bucket is then lowered into the cask and
the yoke is removed. The lead cask enclosing the bucket is raised along
the same channel as it was lowered. During the ascent, the lid is returned
to its position on the cask. The covered cask and contents are raised out
of the pool into a tank of water on a flat car for transferring to one of
the storage areas.

DECLSSIFIED
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INTROIUCTION

HANFORD ENGINEER WORKS TECHNICAL MANUAL

SECTION B - PILE

CHAPTER I - AUXILIARY EQUIPMENT

Each pile area is provided with certain essential auxiliary systems.
These include an. individual water supply and a helium circulating and puri-
fication system in addition to the regular power services.

Although the Columbia River water is high in purity, special treatment
is necessary to make it conform to the stringent noncorrosive requirements
and the unusually high heat transfer rates which are necessary. To obtain
maximum cooling, the temperature of the inlet water must be as low as
possible and refrigerating facilities have therefore been provided for two
of the piles. In addition to supplying water of high quality, it is neces-
sary to insure a continuous supply to the piles under all possible emergency
conditions._ For this reason a network of interconnecting lines, various
by-passes, and special stand-by pumping facilities have been provided at
each pile. -In addition to the requirements of the pile, large quantities
of water are needed for the various service functions at each pile area. An
appreciation of the magnitude of the installation, necessary for handling
and treating water for a single pile, may be gained from the fact that each
area installation furnishes enough water to supply-the population of a city
of 400,000 with domestic water. This chapter contains a description of the
various treatments and equipment of the water supply systems.

Each pile area contains an extensive gas circulating system which
continuously passes helium through the pile. Facilities for drying and
purifying the gas are included. The purpose and description of this equip-
ment are also given in this chapter.

In addition to these facilities, normal electric power is obtained for
the areas by a tie-in with the Bonneville and Gran& Coulee hydroelectric
network. Emergency power is obtained from a steam power plant on the site.
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WATER SYSTEM

WATER sysTm

The facilities of the water system include the river pump houses, rawwater reservoirs, filtering, demineralizing, deaerating, and refrigeratingequipment in addition to the necessary storage tanks and chemical additionunits.

The water treating equipment is different for three areas. Only the "D"Area has a demineralization system. While the "D" and "F" Areas are providedwith refrigeration units, the "B" Area is not. In other respects the areashave similar facilities. The schematic flow diagrams of Areas "B" and "D"are shown in Figures 1 and 2, respectively.

Water is pumped from the river by means of_10,000-gal./min. motor drivenvertical pumps. In addition steam turbine driven pjumps are available forstand-by service. In each area the water is delivered from the river pumpsto a l5,OO,0..gallon reservoir from which it overflows into an adjacent0,Oioe000 -dllon raw water reservoir. From this reservoir it is pumped toa filter plant. The l5,OO,000-gallon basin is known as the emergency
reservoir and is designed to be full at all times. -

The filter plant consists of chemical feeding equipment, mechanicalmixing and floccu:lating chambers, subsidence basins gravity filters, and alO,OOO,000-gallon clear well for the storage of filtered water. In thefilter plant the suspended material is removed by a mixing with suitablechemicals folowed by a sedimentation period and filtration through a bed ofAnthrafilt, sand and gravel. Provision is also made.for chlorination ofwater before and after the filters and for individual chlorination of thesanitary water supply.

A demineralization plant is provided in the "D" Area only, althoughspace has been left for similar installations in other areas if it is foundthat water of extreme purity is necessary to avoid dmaging corrosion orunsatisfactory heat transfer in the cooling tubes. The demineralization
plant removes dissolved calcium, magnesium and sodium salts by passing thewater through a cation exchanger known as Zeo-Karb H (sulfonated coal). Inthe process the salts are converted to their corresponding acids. The acids,except for the carbonic acid which is formed, are removed by passing theacidic water through an anion exchanger called fe-Acidite (aliphatic amineresin). The presence of the carbonic acid and dissolved carbon dioxide inthe demineralized water make necessary full protection against corrosionthroughout the subsequent system. For this reason the process piping up tothe deaerators is lined with Buna-S.

Deaerating equipment is provided in each pile-area. The demands on theunits are especially great in the "D" Area where the demineralized water
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contains large quantities of dissolved carbon dioiide. In addition to
removal of carbon dioxide, these units serve to remove the dissolved oxygen.
Deaeration is obtained by passing the water in a dispersed state through
towers in which a vacuum is maintained by means of steam jets. Acid feeding'
equipment is provided at these units for adjusting the pH of the exit water.
Equipment for feeding Calgon or other corrosion inhibitors is also provided
in the deaerator area.

Provision has been made in both the "D" and _"F" Areas for supplying
chilled water to a portion of the tubes of the pile. For this purpose,
approximately 14,000 tons of refrigeration has been provided for the "D" Area
and 10,000-tons for the "F" Area. Deaerated water is supplied to the refrig-
eration units through two lines, one line to each side of the system. The
refrigerated water is delivered to two central strage tanks.

After deaeration and refrigeration the process water is stored in
storage tanks with pontoon roofs to prevent reabsorption of oxygen. There
are four Wter storage tanks in each area. Each tank has a capacity of
1,750,000 gallons. Two tanks normally store unchilled water and two store
chilled water.

Thesertanks feed by gravity to the suction of the pump sets which serve
to circulate the water through the pile. Each of these sets consists of a
3000-gal./min. (410-foot- head) single-stage turbine driven pump in series
with a 3000-gal./min. (560-foot head) two-stage motor driven pump. The motor
pumps are provided with flywheels so that they continue to pump for a number
of seconds after an electric power failure. Normally six pumps are available
foI'r chilled water and six for unchilled water.

EJFIPMENT AND OPERATION OF THE WATER SYSTEM

River Pump House

Water is drawn from the Columbia River through water inlet channels to
each pump house. The water flows through an intake trash grill and through
screens to the pump suction chambers. Seven or eight motor driven pumps,
depending on the area, with a capacity of 10,000 gal./min. each, and three
stand-by condensing steam turbine driven pumps, with a capacity of 7,500
gal./min. each, are available in each river pump house.

Reservoir

The concrete reservoir is 513 feet long and is separated into two
unequal sections by a wall 1 foot below the water level. The smaller section
is called the raw water reservoir and the larger is the emergency reservoir.

Motor driven pumps deliver water through two 36-incn lines from tne
reservoir to the filter plant. Normally the water supply to the filter plant
is delivered by seven motor driven pumps, of 6 000-gal./min. capacity, in the
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"B" and "F" Areas and eight pumps in the "D" Area. Emergency service is
furnished by three condensing steam turbine driven pumps of 4000-gai./min.
capacity, in each area.

A 42-inch concrete main is installed between Areas "B" and "D" and
between Areas "D" and "F" to provide for transfer of water from the reservoir
of one area to that of another in case of emergency in one area.

Filter Plant

The filter plant of each area is designed for a capacity of about
38,000 gal./min. As shown in Figure 3, facilities are provided for con-
trolled addition of chemicals prior to filtering._ The chemicals added may
include lime, aluminum or ferric sulfate, activated carbon, chlorine, and
Calgon..

The water flows to the filter plant through a meter controller which
measures and records the flow and governs the proportionate feed of chemicals.
The chemically treated water flows out of mixing chambers into a distribution
flume to the flocculators where the water is held for about 20 minutes for
coagulation. The water is then discharged into a settling basin where a floc-
culated or suspended matter is settled out. The settling basins give a
retention period of about 3 hours at a flow of 3000 gal./min. After this the
water passes through a filter bed of anthrafilt, sand and gravel.

The filtered water is then discharged into a large concrete flume which
directs it into the clear well. Each of the two clear wells has a capacity

of about 5,000,000 gallons.

Demineralization Unit

The demineralization plant in Area "D" produces 30,000 gal./min. of
water of a purity similar to that of distilled water. A typical analysis of
the river water, after coagulation and filtration and before demineralization,
compared with the guaranteed analysis of the demineralized effluent from the
treating units is as follows:-

Parts per million

Before After

Total hardness soap test .(as CaCO2 ) -70 0

M'thyl orange alkalinity (as CaCO%) 62 0-3

Chlrides (as Cl) 1 0-1

Sulphates (as S04 ) =12 0-2

Total dissolved solids (excluding silica) 106 .5-7 max.

R 7/45 -1007 -
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The demineralization plant consists of 24 Zeo-Karb H units and 12 De--
Acidite units arranged similarly to the flow circuit shown in Figure 4. Each
of the, Zeo-Karb units consists of a tank 24 feet-in diameter and'14 feet high,
filled with 30 inches of Zeo-Karb on an Anthrafilt bed. In operation of the
unit, the water flows through the active bed by gravity. The cations in the
water are replaced by hydrogen so that the effluent water contains a quantity
of hydrochloric acid, sulfuric acid, and.5 to 70 parts per million of dis-
solved carbon dioxide. Because the pH of the water is approximately 5, the
piping to the deaerator is lined with Buna-S to protect it against corrosion.

The Zeo-Kxarb H is regenerated with dilute sulfuric acid. A unit is run
for about 14 hours after which it requires regeneration. This consumes about
1 1/2 hours. To regenerate a unit it is automatically cut out of the system
and after backwashing the Zeo-Karb with filtered water, reclaimed acid is
then passed through. After washing with new 1% sulfuric acid the unit is
rinsed with filtered water. The various steps are automatically controlled.
Approximately 2260 pounds of 68% sulfuric acid are required to regenerate one
unit. During a day of normal operation, approximately 84,000 pounds of 68%
sulfuric acid are, used for this purpose.

The 12 De-Acidite tanks are 24 feet in diameter and 20 feet high and are
very similar in every respect to the Zeo-Karb tanks. They are filled to a
depth of 30 inches with De-Acidite on a 14 -inch layer of Anthrafilt. The
effluent from the Zeo-Karb units flows by gravity to a header where it is
distributed equally to- the De-Acidite tanks and then flows down through the
active bed. In the course of the flow all of the acidic constituents, except
carbonic acid, are removed.

Each De-Acidite unit runs for 50 hours before regeneration with soda-ash
solution. -Regeneration requires approximately 1 1/2 hours. To regenerate a
unit it is first backwashed, after which reclaimed soda-ash solution is
passed through the bed. Fresh soda-ash solution (6%) is then pumped into the
unit. After this the bed is rinsed with filtered water. The various steps
in the regeneration cycle are automatically controlled. About 2720 pounds of
98% soda ash are required per unit regeneration, or a total of approximately
seven tons &' ily for normal operation of all the units.

Twelve open top wooden tanks, each about 42 feet in diameter and 16 feet
high, give a total storage capacity for demineralized water of about 1,800,000
gallons.

The rinse water from both the Zeo-Karb and the De-Acidite units flows
by gravity into a large concrete reservoir, 90 feet by 90 feet and 11 feet
deep. The acid rinse water from the Zeo-Karb units is partially neutralized
by the alkaline rinse water from the De-Acidite units. The overflow from the
reservoir flows by gravity to a lime neutralization plant from which the
neutralized rinse water flows to a sewer.

Deaeration Units

The water in all three areas is deaerated before going either into the
process water storage tanks or to the refrigeration units. This process
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removes dissolved gases, which include oxygen and carton dioxide. The carbondioxide content is reduced from about 70 to about 2 parts per million,
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FIGURE 6

FLOW CIRCUIT - REFRIGERATION PLANT
PROCESS WATER

FROM DEAERATORS 7500 G.PM.- 70OF

PUMPS

CONDENSER

FI OMPRESS R WATER

FREON Ii?1IGL.iii~
CIRCUIT COOLER

7500 6.M- 54 F

ROM~p DEAERATORS I PUMI
7500 G.RM. 70 F.

7500 G.rPM-54F

I

CONDENSER1 WATER

FROM RIVER HOUSE 70 F I
40,000 TO 50,000

TO DISPOSAL

G.P.N

/5-1013- a

NORMAL
STORAGE

CHILLED
STRAGE

STORMAGE

R 7/4 5

PS

I . -- Ps 
I

F



HW-10475-SEC. B

COPY NO. 63 SERIES C

WATER EQUIPMENT AND OPERATION

Process Water Storage Tanks

The treated process water is stored in pontoon-roof steel storage tanks.

These tanki, of which there are four in each area, are 90 feet in diameter

and 43 1/2 feet high. They have a capacity of about 1,750,000 gallons. The

tanks are equipped with double-deck floating pontoon roofs to seal the water

and insure against reabsorption of air. A rubber impregnated cloth curtain,
is attached to the pontoon and the sides of the tank to permit vertical

movement of-the pontoon while still maintaining a gas seal. The pontoon is

made of two layers to provide insulation. The free travel of the roof is

about 37 feet.

Process Water Pumps - Valve Pit -

Twelve sets of primary turbine and secondary motor driven pumps deliver
water from the storage tanks to the piles. A flywheel 48 inches in diameter

with a 9 1/2 inch face, and weighing approximately 4600 pounds, is coupled

to the shaft of the motor driven pumps in order to drive the pumps for an

interval of time after an electrical power failure. It is estimated that
with these flywheels, the pumps will deliver 75% of the normal water supply

25 seconds-after power failure. Each set of pumps delivers 3000 gal./min.
to the pile. Under normal operating conditions, when ten sets are in use,

and two are spares, the pressure at the manifolds of the pile is maintained
at 350 lba./sq.in. Under emergency conditions, when the steam turbine pumps

alone are operating, they can deliver 3750 gal./min. each at a pressure of
about 105 lbe./sq.in. at the pile.

The lines from the water pumps lead to the valve pit at the pile build-

ing. As shown in Figure 7, six chilled water lines are joined into one
20-inch header from which two 20-inch lines entend to the pile face. The six
normal water lines are similarly joined. A cross-connection between the two
headers in the valve pit is ordinarily kept open to provide a means of main-

taining pressure in case of electrical power failure in one side of the
system. This open connection normally results in some spillage of chilled
water into- the unchilled water system.

A line is extended from the raw water reservoir to the valve pit so that
the entire water treating system can be by-passedif necessary and raw water
delivered into the headers of the valve pit.

A hot- water circulating system is provided in the valve pit to furnish
hot water to the pile through the normal water lines if this is found
necessary.

Details of the water distribution to the pile are contained in Chapter V
of this section of the manual.

Addition of Chemicals

In addition to the treatment described above, provision has been made
for the introduction of various chemicals into the process water.
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Corrosion studies indicate that the optimum pi of the water with respect

to corrosion of aluminum is 6.5. To maintain this pH, dilute sulfuric acid
must be fed through pumps into each 20-inch line in the valve pit, as shown in

Figure 7. Various other chemicals may be added to reduce the formation of
flow retarding film ormto remove that which has already formed. These include
sodium silicate, sodium dichromate, certain insoluble solids, and oxalic acid.

Sodium silicate and sodium dichromate solutions can be added into the exit

lines of the deaeratcrs by means of pumps. The insoluble solids would first

be mixed with water and passed through a classifier in which the larger
particles are removed, before the slurry is pumped into the process water

lines to the pile. Oxalic acid may be added to reduce the pressure drop

across the .cooling tubes and to improve the heat transfer. It is added

intermittently and on these occasions no solids are added. The solution of

this acid is therefore introduced into the water system through the same feed

tanks and pumps as the insoluble solids.

Because the process water discharged from the pile may be acidic, provi-

sion has been made for the neutralization of this water to prevent corrosion of

the concrete sewer and also to protect the fish life of the river. For this

purpose a lime slurry can be pumped into the discharge water header at the pile.

Retention Basin

The neutralized water from the pile flows through a 48-inch concrete

line to a retention basin. This basin is designed for a 3.>-hour hold-up of
the cooling water before discharging it into the river. This period is suf-
ficient to permit decay of the radioactivity which the water has acquired in
its passage through the pile.

The retention basin consists essentially of two different reservoirs
each about 114 feet wide and 465 feet long and separated by an overflow flume
extending from the intake chamber to the discharge flume. The basins have a
total capacity of about 7,200,000 gallons.

The water from the pile area flows into a wood-lined concrete intake
chamber from which it overflows into the two basins. The overflow flume is
provided to by-pass any large flow of water past the retention basins to
prevent their overflow. Wooden fences are installed across each basin to
retard and distribute the flow. The basins overflow at the exit end into a
concrete pipe which carries the water into the main sewer. The water flows
from this -ewer through a screen of wooden slate to steel-reinforced con-
crete lines which lead to the bottom of the Columbia River.

HELIUM SYSTEM

Functions 6f the System

Helium is circulated through a pile to provide within it an atmosphere
of high thermal conductivity and low neutron absorption. The high thermal
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conductivity of helium assists in maintaining lower temperature differences
between the many energy absorbing parts in the pile. It serves to prevent
overheating of various structural members, and to keep thermal expansion
within reasonable bounds. Substitution of inert helium for air reduces para-
sitic neutron loss, thereby giving an improvement in multiplication factor.
Both of these effects allow greater power output and give greater assurance
of satisfactory pile operation under extreme conditions. The low neutron
absorption of helium reduces very considerably the radiation hazards which
would be present were a readily activated gas, such as air, circulated through
the pile.- It also assists in maintaining stable control of the pile by elimi-
nating the influence of atmospheric pressure variations on the multiplication
factor.

A function of the circulating gas, which is independent of the properties
just described, is to pick up whatever moisture may be in the graphite and
shielding initially, or that may appear later because of leaks in the aluminum
tubes. A low dewpoint is maintained so that there can be little possibility
of moisture condensing on any of the cooler structural parts of the pile or
shielding.

Circulation through the intense radiations of the pile results in activa-
tion of the gas. In the case of helium these activities arise only because
of impurities in the gas, since pure helium is completely inert to chemical
or nuclear reaction. The principal impurity in the helium is air. Although
the nitrogen, carbon (as carbon dioxide), and oxygen of the air are activated
to some extent, the relative activation of the argon component is so great
that it is usually necessary to consider only the:effect of the argon activity
in analyzing the potential radiation hazard connected with the helium system.
Consequently, the argon content of the helium must be kept at a practical
minimum.

Small quantities of decomposition products and occluded air from the
shields are given off continually. Purification systems designed with adequate
shielding to permit operation on active gas were provided to permit continuous
remioval of these gaseous impurities while the pile was in operation. However,
operating -experience has shown that the decomposition products and residual
argon are released sufficiently slowly that they are eliminated satisfactorily
by the normal leakage of gas from the system. Ithas not been necessary to
operate the purification units on active gas.

Properties of Helium

Helium is an odorless, colorless, chemically inert gas with a density
under standard conditions of 0.0112 lbs./cu.ft. and a specific heat of 1.25
P.C.U./lb./degree Centigrade. The relative thermal conductivity of helium,
air and carbon dioxide, at 10000, is 8.0, 1.5, and 1.0 respectively. Carbon
dioxide has been considered for the circulating gas because of its avail-
ability in high purity and its low neutron absorbing ability.

The helium is supplied by the United States Bureau of Mines with a purity
of 98.0 to 98.5%. This gas is treated in the purification units to be de-
scribed, and a product better than 99% helium and containing less than O.01t
argon results.
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Component-Parts of the System

The main components of the helium system are-(a) the circulation system
which includes the pile itself, (b) the helium drying system, (0) the helium
purification units, and (d) the gas storage facilities. The arrangement of
these various parts is schematically illustrated in Figure 8.

The purpose of the circulation system is to maintain a steady flow of
clean, dry helium through the pile, and to take the gas to the necessary dry-
ing and filtering equipment. The function of the drying units is to remove
from the gas whatever moisture it has picked up in its passage through the
system.

The purification units purify all helium received on the plant. They
have connections for drawing gas from and returning to the circulation
system, but these are used only for purification of the gas after the initial
displacement of air from the system, or following maintenance work that haspermitted air to enter the circulation system.

Storage Facilities

Each pile area has storage facilities for 3740,000 cu.ft. of helium at
700 lbs./sq.in. pressure and 1450F maximum temperature. The gas is delivered
to the plant by tank car. Provision is made to send the gas first through
the purification units and then to storage, or directly to high pressure
storage and to the purification units at a later time. Helium can be reloadedinto tank cars up to 700 lbs./sq.in. pressure for transfer to other areas.
In addition to the high pressure storage tanks, low pressure storage tanks oflesser capacity are provided. These low pressure tanks supply gas to themain circulation system to make up losses, and also furnish low pressurehelium for purging operating equipment before maintenance work is done. Pro-vision is also made to use this gas for leak prevention or detection at the
large valves of the main circulation system. The circulating system includ-
ing the pile has an overall capacity of 16,000 cu.ft. Gas losses by leakage
from the main circulation system vary from .0,000 to 100,000 cu.ft./month.
Losses in storage and purification, or losses due to unusual maintenance arein addition to this.

Mhin Circulation System

It can be seen in Figure 8 that helium from the main circulation blowerpasses through a filter, then through the pile and back to the blower, pass-ing through a cooler on the suction side of-the blower. The filter removessolid particles which may have been picked up by the gas stream, such as
particles of graphite from the pile, particles of silica gel from the dryers,
or metallic particles from the duct work. The gas cooler serves to reduce thetemperature of the gas entering the blower, thereby increasing its density and
permitting the blower to handle it more efficiently.

The flow of helium through the circulation system is at a rate of approx-imately 2600 .cu.ft./min. About half of this volume flows through the channelsformed by the chamfered edges of the graphite blocks of the pile, and the
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remainder flows through spaces around the side, top and base thermal shields.
In each pile there are 10,600 triangular shaped passages formed by the cham-
fered edges of the graphite blocks. The gas flow rate through these chambers
is about 5 ft./sec., for the normal pressure drop across the pile of 1 inch
of water. Some of the helium flow ,diffuses through all portions of the pile.
Small quantities of adsorbed or entrapped air may be liberated by the graphite
or the shields. Also it has been estimated that between 25 and 50 cu.ft. of
gas, mostly hydrocarbons, are produced daily by decomposition of portions of
the biological shield. The continued circulation of the gaseous atmosphere
in the pile serves to maintain a uniform gas composition, thereby helping to
eliminate_ hot spots that might develop should masses of gas of low thermal
conductivity blanket certain energy absorbing portions of the structure.

Drying Units

The drying units continually draw, through a by-pass, part or most of
the helium from a section of the main circulation system. They connect into
the main system in such a way that their rate of operation does not effect
the rate of gas flow through the pile. Moisture in the by-passed gas is
removed by adsorption on silica gel. The silica gel is in the form of parti-
cles in the size range of 6 to 14 mesh which are retained in a bed about 3
feet thick. The particles are an artificially prepared form of silicon diox-
ide. The affinity of the gel for water vapor arises from the intense capil-
lary action of the large number of ultra microscopic poses which it contains.
After adsorbing all the moisture itwill hold, the gel is regenerated by pass-
ing heated helium through the adsorbing bed. Three complete drying units are
provided so that two units can be placed on alternate drying and regeneration
cycles, while the third is available as a spare.

Purification Units.

The equipment for purifying the helium was designed with ample shielding
to permit it to operate on active gas drawn from the circulating system.
However, the rate of release of impurities within the system has been suf-
ficiently low that adequate elimination has been obtained through the normal
leakage of gas from the system, and it has not been necessary to operate the
purification units on active gas. The units are so connected that they can
draw helium to be purified either direct from tank cars, from storage, or
from the circulating system, and can return the purified gas to any one of
these.

The purification process operates on the principle of adsorbing the
impurities on activated charcoal under 700 lbs./sq.in. pressure and in the
temperature range of 0 to -300C. The entering impure helium is compressed
to high pressure, and after further drying to less than -. 00C dewpoint at
this high pressure is cooled to -30 0 C in a refrigerated cooler. The cold
gas is then passes through successive high pressure vessels containing the
activated charcoal. Adsorption of the impurities heats the gas, so it is
recooled to -300C between each successive adsorber.

The charcoal and activated alumina adsorbers can be regenerated readily.
The charcoal is regenerated by reducing the pressure over the bed to less than
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10 mm of Hg by means of a vacuum pump. The gas, initially at high pressure
in the adsorbers to be regenerated, is reduced in pressure and returned to
the purification system through the compressor. The residual gas, which
contains most of the impurities adsorbed by the charcoal, is vented out of
the system to the ventilation stack through the vacuum pump. The regeneration
of the moisture - adsorbing activated alumina is effected by vaporizing and
sweeping out the collected moisture with heated helium.

EQUIPMENT AND OPERATION OF THE HELIUM SYSTEM

Storage System

Helium is delivered t-o the plant by tank car at a pressure of 1800 to
2500 lbs./sq.in. The capacity of each tank car Is about 200,000 cu.ft.
(measured under standard conditions). The helium is sent directly to the
purification units or to high pressure storage. The storage system has both
high pressure and low pressure storage tanks. The high pressure storage for
each pile consists of 33 tanks with a total capacity of p40.000 standard
cu.ft. when filled to 700 lbs/sq.in. pressure at 145 0F. The gas actually
stored is inventoried by taking the tank pressures and tempera tures and con-
verting to-the equivalent standardcuSft. The tanks are steel cylinders 80
feet long and 2 feet in diameter, and are tested for 800 lbs./sq.in. maximum
pressure. They are connected as 6 units; 5 tanks in each of 3 units and $
tanks in each of the other three units. It is possible to-draw impure gas
from one st-rage unit, purify it and return it to a different storage unit.

Helium can be drawn from any of the six high pressure storage units,
through a manually operated needle valve into either of two low pressure
storage tanks. The low pressure storage tanks are_20 feet long by 8 feet
In diameter. Each has a capacity of 3500 cu.ft. at 50 lbs./sq.in. pressure
and 145cF.

Main Circulating System

Helium is circulated through the pile at a rate of 2600 cu.ft./min. by
means of an Ingersoll-Rand Turbo-Blower. The pressure drop through the main
circulation system, which includes the blower, filter, an orifice type flow
meter, pile, and cooler, is about 5 inches of water. The pressure drop
across the pile is about 1 inch of water. The volume of flow is controlled
by means of a manually operated throttle valve on _the steam supply to the
turbine. An extra turbo-blower set is provided for a spare.

Gaa coolers are provided on the inlet of each blower. These coolers
utilize filtered water as the cooling medium, and serve to cool the gas re-
turning from the pile to a constant temperature approximately 100F above_ the
temperature of the filtered water. The decrease in temperature in the cooler
increases the density of the gas slightly and improves the blower efficiency.
The constant temperature of gas entering the blower assists in maintaining
uniform blower performance. Each turbo-blower set-with its cooler is housed
in a separate shielded room.

fl 7/1 1021 -lf l



HW-10475-SEC. B

COPY NO.hLSERIES C

FED ELM EQUIPMENT AND OPERATION

The system is protected from excessive pressure or suction by means of
large liquid seal chambers connected to the return header from the pile.
The high pressure release seal is set to relieve at pressures above 30 to
32 inches of water. Gas vented from this seal passes into the underground
ventilation tunnel from which it enters the stack.

The automatic helium makeup valve supplies gas as necessary to keep
suction from building up in the system. Should this valve fail to function,
the suction liquid seal provides a secondary protection. It is set to re-
lieve at suctions greater than 10 inches of water, and will admit air into
the system. Should this seal relieve, it would be necessary to repurify the
circulating gas, of course.

Two filters are provided for the circulation system. Normally only one-
is in operation and the other is spare. No by-pass around the filters is
provided; this insures that all of the gas sent to the pile is filtered.
Gas having the filters is discharged into a 16-inch duct which leads to the
pile. The filters are the last equipment in the flow stream before the gas
enters the pile and serve to remove any solid particles picked up in the gas
handling equipment in addition to dust that may have been picked up in the
pile. Eaeh filter contains nine 2-ft. square Type PL 24 Airmat filter units
loaded with six-ply Type F Airmat paper. The resulting 36 sq. ft. of filter
area offers less than 0.1 inch of water pressure loss when handling the
2600 cu.ft./min. normal flow.

The 16-inch gas ducts to and from the pile run in an underground trench
from Building 11" to the Pile Building. This enclosed and heavily shielded
trench also carries the ventilating air from the _Pile and Helium Buildings
to the 200-foot stack.

The duct carrying the helium enters the pile through the foundation.
The gas is distributed along the face of the pile by means of a horizontal
manifold, opening into a .4-inch wide plenum chamber between the front thermal
shield and biological shield. It passes through the offset spaces of the
thermal shield blocks and then through channels in the graphite, or around
the pile in contact with the side, top and base thermal shielding, and then
through the rear thermal shield. into a rear 4-inch wide plenum. From the
rear plenum chamber, the gas flows down into a collecting manifold in the
foundation, and then out through the return duct-and back to the cooler and
turbo-blower. This completes the circuit of the helium in the main circula-
tion system.

In order to detect leakage of water into the graphite, the moisture con-
tent of the gas returning from the pile is monitored continuously. A special
thermal cgnductivity type recording gas analyzer is provided for this service.
Shielded sampling lines are provided to permit this analyzer to draw samples
from the inlet gas duct to the pile, and from ten different points across
the rear face of the pile. In addition to these, there are 90 other sample
lines that are sealed off, but that can be readily connected to permit samples
to be drawn from any 1% of the area of the rear face graphite.
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Drying Units

The duct handling gas from the main circulation blower passes in a
loop past three drying units. These drying units are equipped with their
own blowers and draw gas from the upstream side of the loop, discharging
dried gas to the downstream side of the loop. Due to this arrangement,
irregularities in dryer operation and interruptions due to changing from one
dryer to another do not disturb the uniformity of flow to the pile. Each
drying unit consists of a turbo-blower similar to the blower in the main
circulation system, a combination cooler-heater, a silica gel drying tower
and a condenser-separator. The arrangement of these parts is shown in
Figure 9.

The cooler-heater is a tubular surface beat exchanger which can be sup-
plied with either cooling water or steam. The silica gel adsorber is a
vertical cylindrical tank 7 feet high and 7 feet in diameter. The silica
gel bed is about 3 feet deep and is supported on a screen about 2 feet above
the bottom of the tank. Another screen on top of the bed serves to keep the
bed level. The condenser-separator consists of a water cooled tubular con-
denser and a baffled condensate separator, built-into a single casing. The
condensate drains through a liquid seal to the ventilation trench below,
from which it and other process water from the building is disposed of to
the retention basin with the overflow water from the pile.

To regenerate a dryer, helium is made to circulate in a closed cycle
through the blower, the cooler-heater operating as a heater, the silica gel
adsorber, the condenser-separator, and then back to the blower. The circuit
is indicated in Figure 9. The hot helium gas passing through the silica
gel vaporizes the adsorbed moisture, and carries it to the condenser-
separator _in which the humid gas is cooled and the moisture removed as a
liquid. After the moisture has been removed from the silica gel in this man-
ner, the bed is cooled by using the cooler-heater as a gas cooler and recir-
culating cooled helium through the adsorber. The regenerated adsorber is
then automatically connected to the main circulation system so that gas from
the upstream side of the loop passes through the blower, the cooler-heater
operating as a gas cooler, the adsorber which is now in active condition, and
then discharges to the downstream side of the loop. These dryers maintain
a dewpoint of less than -700C in the main circulation system.

Only two of the three drying units are in use at. any time. The third
is held as spare. The normal operating cycle is 4 hours drying and 4 hours
for regeneration. A time cycle controller automatically takes the adsorbers
out of drying service and places them through the regeneration cycle in
proper seikuence. The turbo-blower speed is manually controlled by means of
the throttle valve supplying steam to the turbine.

Purification System

Two complete and separately housed purification units are provided.
They are placed in separate shielded rooms and operated by remote control to
permit their use on active gas if necessary. Each unit has a maximum
throughput rate of 9 cu.ft./min. and a net operating capacity of about 70
cu.ft./min. Each unit is composed of a three-stage compressor, a set of
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four high pressure gas coolers, two filter-separators, an electric heater,
two activated alumina drying towers, a cold exchanger, six activated char-
coal adsorbers, two refrigerated coolers with the necessary auxiliary
refrigeration equIpment, a vacuum pump, and the necessary instruments,
automatic valves and controls to permit operation by remote automatic cycle
controllets. The arrangement of this equipment and the route of gas flow
through it are schematically illustrated in Figure 10.

The gas to be purified is compressed by the three-stage compressor to
725 or 735 lbs./sq.in. A pressure above 700 lbs. is maintained throughout
the entire process. After each stage of compression the gas is passed through
a cooler to remove the heat of compression. Three coolers are provided for
this purpose. The fourth cooler is used to cool helium coming directly from
the activated alumina dryer that is undergoing regeneration.

Gas leaving the last compressor cooler is passed through a filter-
separator In which any condensed moisture is caught and removed. At this
point there is a take-off line to return gas to storage or tank cars without
purification if this is desired. Also there is a by-pass line 'back to the
inlet of the compressor, containing a back pressure regulator which opens
whenever flow to the rest of the system is interrupted and the pressure
tends to rise above 735 lbs./sq.in.

From the filter-separator the gas passes to the electric heater of the
activatedplumina drying system. This drying system is provided to insure
that the gas going to the low temperature activated charcoal adsorption sys-
tem has a derpoint less than the lowest temperature encountered there, to
avoid the plugging of lines and valves with ice. Two activated alumina
adsorbers are provided so that they can be niaced _through alternate drying
and regendration cycles. As can be seen from Figure 1u, the compressed gas
passes first through the adsorber being regenerated and then through tne
drying ad-orber.

The electric heater for the activated alumina dryer raises the tempera-
ture of the gas to about 2"0OOC during the first part of the regeneration
cycle when the regenerating admorber is being heated. During the first
part of this period the regenerating adsorber is heated by 150 lbs./sq.in.
steam in coils welded to.its shell. The hot gas and the hot adsorber shell
vaporize the adsorbed moisture from the alumina, and the gas stream carries
it through the fourth high pressure gas cooler and then to a filter-
separator where the condensed moisture is removed. The gas then goes to
the other activated alumina adeorber which is cooled by water in the coils
welded to its shell. Here the helium is dried to-a dewpoint well below the
lowest- temperature encountered in the rest of the equipment. The total
cycle for-the activated alumina dryers is 16 hours, consisting of 8 hours
drying and 8 hours for the regeneration of each adsorber. During each re-
generation period steam is on the adsorber coil for the first one-half hour
only and the electric heater is on for the first 4 hours only. During the
last h. hours of the regeneration period the heater, adsorber shell and
activated alumina are slowly cooled by the compressed gas, so that the
alumina will be active when placed in the drying position.

The dried but impure gas then goes into the cold exchanger where it is
precooled by the purified gas coming from the activated charcoal adsorbers.
From this piece of equipment the gas passes to a refrigerated cooler where
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it is coaled to about -300C. The refrigerated gas is then passed into thepurifying adsorbers. These are filled with Union Carbide and CarbonColumbia Activated Charcoal, Grade _4 ACW, a granular material of sizesbetween 6 and 14 mesh which is prepared by the high temperature treatmentcoconut shells. There are six of these adSorbers arranged as three pairs.o pairs are used in series to purify the gas while the third pair is beingregenerated. .Fgure 10 shown the lower pair being regenerated. The flow ofgas is rrom the rirst adeorber or a pair through the cooler to the secondadeorber, then through the cooler to the first adsorber or the second pairand then through the cooler to the second adsorber of the second pair. Theadsorption of impurities on the charcoal warms the gas, and it is recooledon each pass through the cooler. A back pressure control valve is locatedin the outlet line of the second adaorber of each pair to insure that thegas Is not sent on until it is up to at least b80 lbs./sq.in. Thermocouplesare provided in the inlet and outlet lines of' each adgorber to permit theoperatingtemperatures to be observed.

The purified gas from the last adeorber te passed through the cold ex-changer t _precool the entering impure gas, and then passes to the finalback pressure regulating valves which throttles as necessary to automaticallymaintain the pressure on the system at 700 lbs./sq.in.

After the 700-lb. back pressure valve, the purified gas can be returnedto storage, to the main circulation system, or may be sent to a set of threehigh pressure "cushion" tanks located in the same-room as the purificationunit. Those cushion tanks can be used to feed the compressor, and permitthe unit to recycle gas during start-up or in case of operating difficulties.
The ab tivated charcoal adeorbers are regenerated by reducing the pres-sure within them to 10 mm. of mercury absolute with the charcoal still ata very low temperature. A vacuum pump and two gas filters to protect itare provided for this service.

To regenerate an adsorber pair, the relatively pure helium which remainsin them at-high pressure is first recycled back through the compressor intothe other adsorbers. The high pressure gas is released through let-downvalves as rapidly as possible without exceeding I lb./sq.in. gauge pressureon the suction header of the purification c-ompressor. When the pressure inthe adsorbers is reduced to about 2 lbs./sq.in. gauge, the valve to thevacuum pump is automatically opened. The vacuum Dump then exhausts the re-maining gas, which contains almost all of the impurities, to the ventilationstack.

The total regeneration period normally requires 20 minutes. The newlyregenerated adsorber pair is then connected last in series for 20 minutes.They then operate first in series for 20 minutes and are ready for regenera-tion again. The normal overall cycle thus is I hor. r An automatic cycle
controller operates the valves that regenerate the adsorbers, or that connect
them in series in proper sequence.

The acivated charcoal and various other combustible materials that maybuildup in the system can burn if the quantity of oxygen adsorbed by thecharcoal is too great. Since part of the impurities are recycled on each
regeneration, thb average oxygen concentration entering the adsorbers may be
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greater than that of the original gas entering the unit. To guard against
possible burning, the concentration of oxygen inthe gas entering the
adsorbers is maintained less than 1.7% as averaged over each 20-minute
.regeneration period. Purified gas from the "cushion" tanks is recirculated
when necessary, to keep within this limit. Thermal conductivity type re-
cording gas analyzers are used to provide a continuous record of the
impurity concentration of the gas entering the adeorbers, and the purity of
the product gas. These instruments record the total oxygen plus nitrogen
impurity in the helium, and the ratio of oxygen to nitrogen in the gas
being purified is determined by chemical analysis to permit the readings
to be translated into equivalent oxygen.

Often the gas to be purified contains minute quantities of oxides of
nitrogen. These may prove hazardous if permitted to build up on the char-
coal. All of the adsorbers are given 20 minute evacuations at room tempera-
ture before each purification r.un, and samples of charcoal are analyzed for
oxides of nitrogen at definite intervals as assurance against this condi-
tion.

Building and Equipment Purging

Two purge blowers, of 200 cu.ft./min. capacity at 12 inches of water
suction, are provided for purging gas from the equipment in the Helium
Building prior to doing repair work. The equipment in each shielded room
may 'be isolated from the rest of the system by means of double valves.
When these double valves are closed, the purge blower can maintain a suc-
tion on the section of pipe between them, thereby eliminating any chance
for active gas to leak through to the equipment undergoing repair.

Approximately 50,000 cu.ft./min. of washed and filtered air is sup-
plied the Helium Building for ventilation. Thisair is distributed to the
operating room and the various shielded equipment rooms from a supply duct.
above the ceiling of the control room. At least one-half inch of water pres-
sure is maintained on the supply duct at all times so there is no poosibility
for air from the equipment rooms getting back into the supply duct and from
there into the control room.. This trench is maintained under more than one-
half inch of water suction so there is no chance for air from the shielded
equipment rooms that enters the trench to work back into the control room.

Controls and Instruments

The principal units of the helium system, such as the main blowers, the
purification units, and drying units, are bousedxin separate shielded rooms
in Building No. 115. The electrical recorders, controllers, and switches for
these units are mounted on control panels in thecontrol room which extends
the length of the building along its center. Radiation absorbing enclosures
are built into the walls of the control room to house the various gauges and
meters which contain active gas. These instruments are mounted with a mirror
arrangement so that the meter may be viewed from the central control room,
through a window in the cabinet, without exposure to radiation.

Those .instruments which are in direct contact with the gas, ouch as the
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various gas analysis instruments and flowmeters, and which require consider-
able checking and maintenance, are mounted separately in cubicles on the
outside of the building. The indicators and recorders operated from these
cubicles and the instruments installed in the control room of the building
are as follows:-

Main Blower Panel -(Duplicate recorders are installed in the pile control room)

1) Tiro pressure recorders (inlet and exit end of pile)
Pressure range 0-10 inches of water

2) F ow recorder (gas to pile)

3) TN--point temperature recorder (gas to and from pile)
Temperature range 0-1000 0

4) Gaa analysis and moisture content recorder (gas to and from pile)
Helium purity range 0-100%
Helium purity range 98-100%
Moisture range - pile exit 0-1%
M6isture range - sample point 0-1%

Drier Room Panel

1) Time cycle controller

Purification Room Panel

1) Gas analyzer, Range 0-2% air

2) 24_-point temperature indicator and 4 -point temperature recorder
Range 80-1600 F

3) Heater temperature controller, P.nge 0-8000 F

4) Pressure controller, Range 0-100 lbs./sq.In.

5) Pressure controller, Range 0-30 lbs./sq.ir (absolute)

In addition to these indicators and recorders a method of indicating and
recording the radioactivity of the circulating helium is provided.

HELIUM SYSTEM RADIATION PROTECTION

General

The passage of the helium through the pile results in the formation of
radioactive isotopes of argon, nitrogen and carbon by neutron irradiation of
the impurities present in the helium. The radiation properties of the
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isotopes are given in the following tabulation:-

Produced Range Relative
Element from Radiation tnergy (Mew) in air d6sage*

Argon (A 1) A40 gamma 1.4 - 450 ft. 5
beta 1.5 M-x 2.7 ft. 100

Carbon (C±) N14  beta .15 max 1.3 in. 73

Nitrogen (N16 ) N1 5  beta .6.0 miax 23 ft. 21

*Relative dosage received by a man in a cloud of gas about 35 feet
in diameter, as would exist in the pile room if the air contained
a uniform concentration of helium which had passed through the pile.

Beta -articles have very short ranges in solid materials, such as metals
or concrete. The particular beta rays involved are totally absorbed by 1/8
inch of iron. Because they are readily absorbed by very small amounts of
shielding, these rays are dangerous only if actual body contact with activat-
ed gas is present. It is apparent from the above-tabulation, however, that
when actual bod@ contact is obtained these rays p-esent by far the greatest
hazard. On the other hand, the absorption of gamma rays requires consider-
able shielding material, and for' this reason thick concrete walla and floors
are provided throughout Building 1No. 115 and the entire helium circulating
system.

Considerable provisIon has been made_ to -remove from the work rooms
whatever iiradiated gas may have leaked out of the helium system. For this
purpose, general room ventilation is obtained for-the pile and helium purifi-
cation buildings by three 50,000 cu.ft./min. intake fans and two 75,000
cu.ft./min. exhaust fans. These fans circulate air through the rooms and
around the pile and the helium carrying lines. They exhaust the ventilating
air to the underground trench which leads to the 200-foot exhaust stack.

Radiation I)osages

The actual danger presented by leaking gas or radiation must be deter-
mined by actual measurements with suitable instruments. However, for
qualitativeiestimates, the following calculated r iblts may assist in eval-
uating the hazard vresented by a particular situation:-

1) A man working in the center of a 500 cubic foot sphere of
helium, containing 1% air, which has circulated through the
pile, would receive a dosage of about 150 r/8-hr. day. This
high dosage rate results from the presence of the beta rays
in the gas.
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2) If the man were 200 feet from the center of this cloud, his
total dosage rate would be about 0.001 r/8-hr. day. It is
apparent that the combined effect of beta ray absorption by
intervening air and of distance from the active source
rapidly reduces the dosage rate.

3) Under normal operating conditions, a man working at the
control board in the center of Building No. 115 would receive
4-dose of radiation equal to 0.0005 r/8-hr. day, through the
ialls and the floor from the equipment and lines handling
active helium.

From these examples, it can be seen that the shielding which has been
provided for the control room of Building No. 115 is adequate to protect
operating personnel from the radiation originating in the lines and equipment.
The necessity for continuous surveying for radiation from leaking gas is' also
indicated.

Further details on these radiation hazards are presented in Chapters VIII
and XII of this section of the manual.

POWER PLANT

Steam Requirements

Each 100 Area contains a power plant for the generation of steam. Steam
is required primarily in the pumping and treatment of cooling water for the
piles. In case of failure of the electric power _in the area, steam is also
used for driving pumps, blowers, and other equipment which are normally elec-
trically driven. In addition to these demands, steam is also used for the
usual seriices of heating and other service requirements.

The use of steam for generating electric power in this locality is
decidedly-not economical, as a result of the high cost of coal as compared
with the low cost of purchased hydraulic power. The use of steam in the
100 Areas has, therefore, been limited to applications where dependability
is the principal factor to be considered. Sufficient steam is however
available-so that the plant, if necessary, can be-run for an indefinite time
without relying on the hydro-electric network. The possibility of a complete
electric power failure of more than a very few moments duration is very
remote. In case a power failure does occur, a small turbo-generator in each
power houae furnishes sufficient power for emergency lighting and other small
requirements of the plant.

The steam loads under normal and emergency donditions are summarized in
the following table:-

- 1029 -



DECLASSIFI
Peak Steam Loads - 100 1D"

Pounds /Hour

Building

105 Process

115 Process

181 River Pumps

812 Reservoir

183 Filter Plant

185 Deaerators

186 Nmineralization

189 Refrigeration

190 Process Pumps

Miscellaneous

Subtotal

Outside Line Loss

Total I|xport

184 Boiler House

TOTAL

Power House Equipment

Normal

12,200

8,050

500

40,020

4,900

21,100

13,500

4,000

115, o6o

223,970

6,86o

230,830

47,50

278,330

5-Minute
1ergency

32,555

11,960

- 500

.47,020

.14,900

22,100

15,500

4,000

£70,700

-4,640

321,875

6,860

328,735

71, 6oo

400,335

Long-time
Emergency

31,755

11,210

27,740

45,020

42,640

12,500

12,500

4,000

52,500

4,64o

244,505

6,860

251,365

61,700

313,065

The power house is equipped with four Combustion Engineering furnaces
and boilers- rated at 100,000 lbs./hr. each, at a pressure of 225 pounds, and450 F superheat. Coal is fired ty spreader type stokers and burns in a thin
bed on grates which dump by manually controlled power. The response charac-teristics of the boilers lie between those of an underfeed stoker and thoseof a pulverized fuel fired unit. Manual, semiautomatic, or full automatic
control is -yossible with the Hagan equipment installed.
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Both raw and filtered water are available to the power house. Boiler

feed- wateris treated in three Permutit water softeners having a combined
capacity of 840 gal./min. It is deaerated in heaters using 5-pound steam
and having a total capacity of 450,000 lbs./hr.

Distribution of Steam

Steam is distributed to the various plants by means oT dual lines which
eventually form a loop. These lines are 16 inches in size at the power
house. The steam lines in the area are shown schematically in Figure 11.
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HANFORD ENGINEER WORKS TECHNICAL MANUAL

SECTION. B - PILE

CHAPTER XI - MANUFACTURE OF PROIUCT IN THE PILE

The goal of the Hanford plant is the production of a definite quantity
of 49. This quantity is to be produced inthe shortest possible time con-
sistent with safe operation.

Maximum production can be obtained by uninterrupted operation of a pile

at as high a rate of product formation as possibid. The rate of energy

release is directly related.to the rate of product_ formation. It is, there-

fore, most-important to reach the highest practical power level as quickly
as possibli and to maintain this level with a minimum of lost time because
of operatinig requirements or mechanical failure. Anything which can be done
to maintain_ and to raise the power level shortens the total production time.

The first part of this chapter discusses the relation between the rate of

production and the various factors which limit the. power output of a pile.

The method and schedule of operating a pile influences the time required

to deliver a given quantity of finished product. The effect of different
operating fariables such as frequency of discharge, concentration of product
at discharge, power level, amount of metal removedat each discharge, and

other fact6rs, is described in later parts of the chapter.
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- PRO1CT FORMATION

Product Formation vs. Heat Liberation

The product is synthesized in the piles by controlled nuclear reactions.The fundiamental reactions of the process involve captu~re of neut one by thetwo Principal isotopes of uranium. Capture of neutrons by 92U32 leads to - -
the formation of product while cature by 9 2u235 results in the fission ofthis nucleus. The fission of which makes the synthesis of productpossible, liberates a very latee quantity of energy which ultimately appearsas heat. In a pile these reactions proceed concurrently and at rates whichare proportional to the neutron density at the place of reaction. Conse-quently, the rate otproduct formation in a 'pile isl directly proportional tothe rate of,'heat liberation.

Relation beween Product Formation and Heat Liberation

The quantitative relation between the amount of heat-liberated and theamount of purot formed can be btaine by consideration of an average lifecycle -of neuTos in a pile. Such an average life cycle is presented inFigure 1. A accurate value for the factor is obtained by detailed consider-ation of the energy released in each of the nuclear reactions indicated inthe life cycle. However, an estimate can be obtaine(d by considering only theenergy releaf which results from the thermal and fast fission reactions. -
This amounts to about 95% of the total energy liberted. It can be seen fromthe figure that in each cycle; of the size shown, 3 potential atoms of
product are formed through neutron capture b 9J23 Of these atoms, 10 are
formed by caVre of rssonance neutrons and 29 by capture of thermal neutrons.This amount f product formation is accompanied in each cycle by 46 fissionreactions r? these reactions, 43 are initiated by thermal neutrons and 3 byfast neutrons. The number of g-an of product per megawatt day of poweroutput is calculated from these quantities by use of-the following equiva-lents:- -

Energy released in each fission = 200 Mev -- i--r-
1 Mev= 1.85tx 10-24 megawatt days

1 gram.,atomic weight of any element contains 6.02 x 1023 atoms

Gram atomic weight of product = 239

Then,

Grams of roduct 39
Megawatt days of operation L6.02 x "l3 23 9 j. 2  = 0.91of cps [467 2o0 Ox 1 .835 x 10-2]

This approximated result is close to the acceptd value of 0.92 for thifactor. Each _pile is designed to operate at a power level of about 250 mega-
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a1 FIGURE I
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watts. Operation for one day at this power level-esults in the formation of
250 x 0.92, or 230 grams, of product. This produdt is distributed throughout
all the metal of the pile, the local rate of formation being proportional to
the neutron density.

Destruction of 4-9 in a Pile

The factor relating product formation with heat liberation, which has
just been described, assumes straightforward creation of 49. Actuall the
atoms of product undergo fission more readily than the atoms of 92U235; the
crom section for fission of 49 is believed to be about twice as great as for
92U 5 Consequently, the exposure to neutrons of product which has already
been formed results in some loss in production. The effect of continued
neutron irradiation of the metal, and therefore of the product, on the ratio
of grams produced to energy output is shown in Figure 2. In this figure, the
length of irradiation is expressed in terms of product concentration which
increases with continued exposure. The figure indicates, for example, that
whereas the factor at the beginning of the exposure is 0.92, it is 0.89 when
the product concentration has become 200 gais./ton. It is also apparent that
when the concentration of product in the pile is low, the effect of this
destruction on the overall production rate will be relatively small.

- FIG. 2-
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Product Distribution in a Pile

The -tenon fission product poison observed at the beginning of the oper-
ation of the Hanford piles requires that an operating pile have available
more than 1% k to offset this effect. Accordingly,- all available tube in the
piles were. charged with active metal, resulting ina nearly rectangular pile
structure. The rated operating level was reached shortly after the complete
loadiiig of the structure, although it must be remembered that the heat lbad
per tube is less when a larger number of tubes contribute to the dissipation
of power.

The distribution of the power production in the pile has a direct bearing
on the maxiium power obtainable, since it determines the temperature distribu-
tion of the discharge face and the relation of the leat load of the maximum
tube to the total. In the rectangular pile the neutron distribution along a
line parallel to any one of its three axes has a cosine variation. At a dis-
tance I from the center the neutron concentration will be proportional to:-

Cos( V)( )

In the above, R is the distance from the center of the pile to its effective
edge along the I axis. Similarly, the distribution in a plane (such as the
tube outlet temperatures) would be given by*-

Cos( )( - ) cosE L

Such a distribution is shown in the left half of Fig. 3. The intensity at any
point in the pile would be proportional to:-

Cos( )( j Cos( ) ) Cos ( )( Ez2 X2 Ry 2 z

It has been found that the xenon poison distorts the distribution to the ex-
tent of several percent by flattening the maxima of such curves. Also the
gain in reactivity of a unit due to its operation permits the introduction of
poison columns to flatten the neutron distribution. Farther considerations
regarding flattening are discussed later, however, the effect of xenon flat-
tening plus 200 inhours in poison columns may be seen by the comparison of
the left an& right sides of Fig. 3.

For soMn purposes the distribution calculated for a flat cylindrical pile
is a useful approximation to the rectangular pile sInce it provides radial
symmetry. In a flat cylindrical pile, with all its-tubes charged identically,the relative heat production varies from column to column as the Bessel func-
tion Jo (2.4o5), where r is the distance from the-axis of the pile and R is
the effective radius of the pile. The effective radius of the pile is the

R 6/45 -1106-
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distance fron the axis to that point within the reflector where the neutron
density extrapolates to zero. A graph of the neutron distribution, and con-
sequently the rate of heat liberation and product formation, as a function of
distance from the axis of a flat cylindrical pile, is presented in Figure 4.
The curve of±'the Bessel function is very similar toa cosine curve. For
comparison purposes the graphs of these functions, plotted to the same scale,
are shown in.Figure 5.

-FIG.4-
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-FIG. 5-
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Limitations on Power output B C o

Tepower level of a pile is limited by the rate at which heat can be
tremoved froma the most active tube. The curve of Figure 4 clearly indicates
that for flat cylindrical loading the maximum power is produced by the
central tub-e of the pile. Consequently,' the limitations which determine the
rate at which heat can be taken out of this central column also impose a
limit on the total power output of the pile. With the central tube operating
at full capacity. the other tubes in this pile are-not operating as effi-
ciently as the could. As a result, in a pile of 1500 tubes the power output
is only about one half as great as the output which could be achieved by
evening out the heat distribution over the entire pile.

It is possible also for reactivity to limit the production rate because
the equilibrium quantity of xenon existing in the pile is greater at higher
power levels. Reactivity can also be used effectively to flatten the power
distribution by means of intentional poisoning.

The ma imum power output from any single tube-is determined by factors
which limit-the rate of flow of water through the tube and the temperature of
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the water leaving the tube. The maxinnam allowable flow rate for tubes
charged to a length of 23 feet is about 23 gals./min. This rate of flow
requires a pressure of 200 lbe./sq.in. at the tube inlet. This is believed
to be the safe maximum pressure which the aluminum tube will sustain indefi-
nitely without slowly enlarging in diameter. Expansion of these tubes is
undesirable because this would make their removal difficult if for some
reason this became necessary.

It_ mn be necessary to limit the temperature of the exit water to about
650C to avoid excessive corrosion of the aluminum tubes. Maintenance of a
maximum temperature considerably below the boiling point of the water is also
desirable to reduce the possibility of boiling, which could have disastrous
results for the pile. Assuming that water enters at 1500, which is close to
the average year-round temperature of the water in the Colambia River, the
restrictions on the rate of flow and the exit water temperature limit the
heat load of a single tube to about 300 kw. The maximum power output of the
entire pile-can be calculated from the output of this single most-active tube,by determining how many effective tubes the pile contains. The "effective
number" of tubes is equal to the number of tubes which would give the power
output of the pile if all of the tubes were producing at--a rate equal to that
of-the most active tube. For example, the effective number of tubes in a
flat ended cylindrical pile, which has 1500 -tubes charged with metal, is
about 760. The maximum power output of such a cylindrical pile operating
under the conditions imposed on inlet water pressure and exit water tempera-
ture is, therefore, approximately 300 kw. x 760, O- 230,000 kw. (230 mega-
watts).

There is also an upper limit to the power which can be removed from a
pile which is independent of limitations on temperature rise and inlet water
pressure. This limit is the total of about 30,000-gals./min. of water which
can be delivered to each pile. The amount of cooling obtainable with this
quantity of-water depends on the allowable temperature rise. An obvious
method of increasing the amount of cooling capacity and consequently of power
output is to refrigerate the cooling water. For this reason facilities are
provided for cooling to about 50 0 a portion of the water flow in two of the
pile areas.

Orifice ZoningDEC SSIFED
Because the total available water flow limits the production rate, it isnecessary to distribute this water through the pilein such a fashion as tohave the exit water temperatures as nearly equal as possible. Orifices of

four different diameters; 0.240, 0.200, 0.175, and 0.140 inches; have been
provided to permit an approximation to the desired water distribution. The
orifice pattern must be chosen with donsideration both for water economy andthe equalization of individual tube exit water temperatures. The tabulation
below gives the number of tubes containing orifices of a given size in onezoning pattern used:
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Approximate Number
Orifice Dia. Relative for 400 ih in Poison

Inch Flow Rate Column Flattening

0.240 1.0 985
0.200 0.80 240
0.175 0.66 320
0.140 o.45 459

2004

The number of orifices listed above for each of the different size are
based on equal maximum temperatures in all orifice zones. The following
considerations may change this basis and also the optimm number of orifices
in each zone: 1) film removal in the outer zones, 2) the time interval be-
tween discharges in different zones, and 3) distortion of the power distribu-
tion during start up after a shutdown. DECLASSIFIED

METHODS OF INCREASING THE POWER OUTPUT OF A PILE

General Considerations

Within the limitations imposed by the total amount of water that can be
used in a pile, the power output is limited by the restrictions on the heat
output of the most active tube. For maximum output the optimum neutron
distribution is, therefore, one which results in equal output of heat from
all tubes. The neutron distribution for this ideal case is illustrated in
Figure 6. With this type of neutron distribution -and the given total flow of
water available to each pile, the maximum power output obtainable would be
about 395 megawatts for a temperature rise of 5000. In practice, however,
uniform neutron density across the full width of a pile is impossible because
of the ever present leakage of neutrons from the outer fringes of the pile to
the outside. Consequently, this situation can only be approached by methods
which flatten the peak of the neutron distribution curve.

The mnthod of flattening used must provide maximum flexibility; i.e.
it must be reversible or easily changed. This is important for the following
reasons:

1) The operation of the pile increases its reactivity by burning out the
boron in the graphite and (up to a certain point) by increasing the
ampunt of product in the pile. This gain should be transformed into
flattening periodically if it is to be utilized most effectively.

2) Changes in power level may be required, perhaps because of changing
inlet water temperatures. The different amounts of xenon poison
associated with different power levels may dictate a reduction in
the poisoning for flattening in order to permit an increase in powerlevel.
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3) Theability to discharge a significant quantity of poison permits

the possibility of resuscitating the pile should the increase in

xen;n during an accidental shutdown prevent the normal return to
level.

4) Changes in the normal range of the control rod may require revisions
of the flattening since the horizontal rods greatly perturb the
power distribution.

Of the various methods of flattening described below, "dimpling" by
mans of poison columns mets the requiremnts of flattening most effectively.
However it is possible that changes in conditions or requiremnts may make
another ethod or a combination the most attractive.

-FIG.6 - DECLASSIFIED
IDEAL NEUTRON DISTRIBUTION
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Since the neutron distribution in a normal cylindrical pile is not uni-
form but has a maximm point, it is evident that the tubes in the regions of
lower neutron density, or heat output, are not operating at maximum efficien-
cy. The relative output of these less effective tubes and consequently of
the pile as a whole can be increased by flattening the heat distribution. In
practice this is done by modifying the neutron distribution so that the rela-
tive density at the less effective tubes becomes greater. It is very difficult
to improve the neutron distribution by increasing the multiplication factor in
the regions- where the neutron density is low. A practical recourse is to re-
duce the local multiplication factor in the regions where the neutron density
is highest. It is apparent that the existence of--excess multiplication factor
is essential to increasing the total power output by flattening.

Methods of Improving Neutron Distribution

Flattening of the neutron and heat distribution to obtain greater power
output requires the absorption of excess multiplication factor. For this
purpose excess k can be absorbed in three principal ways:-

1) Neutrons can be continuously removed from the most active
regions by introducing into the tubes of these regions
strong neutron-absorbing materials such as boron or cadmium.
These absorbing materials act in the same manner as control
rods in that they remove neutrons from the fission cycle and
thereby reduce, the local k. The principal schemes dependent
onneutron absorbers are called "dimpling" and "uniform
poisoning".

2) The shape of the metal bearing volume can_-be changed from
that of a flat ended cylinder to a shape which permits
greater leakage of neutrons out of the most active central
vdlume . The loading scheme dependent on this principle is
called "bowing".

3) The neutron multiplication in the most active region of the
pile can be reduced by using a smaller ratio of metal to
graphite in that region compared to the less active outer
portions of the pile, The method employing this principle is
called "stripping".

The extent to which the neutron damity can be flattened depends upon
the amount of excess k which is available. It is very difficult to predict
accurately the excess k of a pile of new delign. Furthermore, the amount of
excess may --ary considerably with continued operation of the pile.

Methods Involving Poisonin

Uniform Poisoning

From the physics standpoint an obvious way to-remove neutrons from the
central region of the pile is to distribute uniformly throughout this region
an absorbing substance, such as boron or cadmium. _This method of flattening
the neutron-distribution is called "uniform poisoning". The poisoning can be
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effected by inserting washers of the absorbing materials between the indivi-
dual slugs of mntal in the most active region. A possible distribution of
absorbers and the resultant neutron distribution are schematically illustra-
ted in Figure 7.

-FIG. 7-
UNIFORM POISONING METHOD OF INCREASING

POWER OUTPUT

METAL BEARING
VOLUME'

N 00-

A 0

a0000A 0
0

POISONED VOLUMEt-

A

POISONING ABSORBERS
BETWEEN SLUGS

TRANSVERSE (A-A) LONGITUDINAL (B-B)

The uniform poisoning method of increasing power output is efficient
because it allows each tube of a pile to contain metal and thereby contribute
to the power output. Furthermore the neutron density can be flattened
uniformly over the affected zone. Consequently all tubes in this zone can
operate. at mnximum rates. The method has the disadvantage that the amount of
absorption, and consequently of flattening, cannot be changed without consid-
erable discharging and recharging of the entire central section. In thisrespect the-method is said to be "irreversible". Schemes that, from the
operating standpoint, allow ready change in k in either direction are said to
be "reversible". The uniform poisoning method has another great defect, froman operating standpoint, in that considerable care would be required during
the loading-of the affected tubes to assure correct charging of the absorbersand during discharging to avoid passing the absorbing materials to the sepa-ration plant.
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Dimpling

Another poisoning scheme, called "dimpling", is attractive because it
obtains practically the same degree of flattening as uniform poisoning and
avoids almost completely the operating objections.Z In this method, which is
illustrated in Figure 8, selected normal columns are charged to their full
lenght with slugs of poisoning materials. -These slugs, which would be
aluminum jacketed, can be made of iron containing a suitable amount of boron
or of lead -containing cadmium. The tubes to be filled with the absorber
would be selected in number and position to give the desired average reduc-
tion in k over the zone of flattening. Only a fraction of the designated
channels in this zone would contain poison- slugs. -The radius of the zone and
the position of the poisoned columns would depend on the amount of excess k
to be compensated. For example, a 1.5% excess k would require a zone of
flattening_3 feet in radius, with one tube in each forty within this zone
filled with absortent slugs if these are made of iron containing 0.2% boron.

-Fl G. 8- DEPLALSSIFIED
DIMPLING METHOD OF INCREASING POWER
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The effectiveness of dimpling in increasing the power output (or reduc-
ing the peak tenperature is shown in the following tabulation. This table
gives the theoretically optimum flattening to be achieved by each amount of
poisoning, The optimum is difficult to achieve in practice because of the
perturbing effect of the horizontal rods, which must necessarily be partially
in the pile to provide a reserve reactivity against accidental loss of the
unit (see Ohapter XIII). The fact that the rod position continually changes
makes it impossible to choose a poison arrangement which is best at all times.

- Power output for 48
Available excess k No. of effective max. temperature rise

(per cent) ih tubes (megawatts)

0 0 971 250
0.5 200 1288 322
1.0 400 1432 358
1.5 600 1515 380

Dimpling is the method of flattening the neutron distribution in the piles
that is most likely to continue in use because it is readily reversible. On
the other hand, it provides the possibility that well chosen poisoning may not
have to be-disturbed for long periods of time.

It shtuld be pointed out, however, that dimpling is less efficient than
uniform poisoning becau-se the poisoned columns contain no active metal and
therefore do not contribute to power production. Furthermore the normal columns
adjacent to the poison slugs operate slightly below maxiunm output, since the
depressions, or dimples, in the neutron density leave these columns operating
in regions-of reduced neutron density. The result of these effects on the
overall pr5duction rate is however a matter of only a few per cent.

Because of the gain in reactivity which takes place with the operation
of a pile the strengths of the various poison columns need to be increased
periodically and. occasional adjustments in their location must be made. _The
best pattern has been found to consist of one poison tube at the center of_
the pile surrounded by six poison columns distributed on a radius of about
six lattice units. This pattern should be centered on the region of highest
power production, and the effect of control rods should be compensated by ad-
justments in the strength of the columns.

Flattening y Bowing the Pile DECLASSIFIED
The fraction, of neutrons which leak to the outside of a pile is afunction of the geometrical size of the pile. As the volume of the loadedportion of the pile is decreased the fractional loss of neutrons is increased.Likewise, as a particular dimension of a pile is decreased the loss alongthat axis is increased. For example, if a pile is decreased the loss alongneutrons out of the ends is increased. The "bowing" method of flattening theneutron distribution takes advantage of this fact._ In this method the tubesof the center of the pile, where a loss of neutrons is desired, are charged
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with metal to a shorter length than the outer tubes. Actually, a continuouschange in length from the shortest central tubes to the longest outer tubesgives the optinmm result. However, it is more convenient from an operatingstandpoint to divide the pile into several zones in which the tubes arecharged to an equal length. This form of loading and thdnqutron dits Ibu-tion resulting from it are illustrated in Figure 9. Alth bowiirreversible it has the advantage that, of the various math s, it 1most economical of metal. Bowing also has another advantage, not pby the other methods. A higher output per ton of-mntal can be obtaP mthe shorter central tubes, because a higher rate of flow of 0 W. W dbe maintained through these tubes while still limiting the inl waterpressure to 200 lbs./sq.in.
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Methods Depending on Uncharged Columns - Other Methods

The methods described so far depend upon increasing neutron losses to
reduce the multiplication factor. This factor can also be reduced in magni-
tude by making the neutron regeneration conditions less favorable. In - -"stripping" a pile, a number of columns are charged their full length with
inactive non-absorbing dummy slugs. This in effect, leaves holes in the
lattice pattern and increases the distance between the active tubes in the
affected area. Thus the chance is increased that a neutron will be absorbed
by the graphite and not the metal. Stripping may be applied in various ways.
Either a number of adjacent tubes at the cefnter of the pile may be stripped
or the stripped tubes may be distributed in a definite pattern in a larger
zone about the center. The stripping method is quite wasteful of pile volume
because a-relatively large number of tubes met be left inactive to compen-
sate a given quantity of excess k. For example, in a case where 1 out of 25
tubes would require poisoning in the dimpling method, 1 out of 4 would need
to be left without metal if the stripping method were used. This method also
has the disadvantage of leaving a relatively large number of tubes adjacent
to the inactive tubes operating in regions of reduced neutron density. This
inefficient use of pile volume results in some lose in overall efficiency.
Stripping, however, has the important advantage of being reversible.

Other methods of flattening have been suggested. A method given the
name thinning" proposes the use of heavie-r aluminum jackets and smaller
diameter slugs for the most active region. This method is effective becauseit increases the amount of absorbing aluminum and -also reduces the metal tographite ratio in the most active central volume.

It isevident that combinations of these various methods are alsopossible. For example, a combination method in which some excess k is
absorbed by bowing and the remainder by the flexible dimpling method appearsattractive-from the practical operating and production standpoint. This com-bines, to a certain extent, the advantages of both methods.

EFFECT OF OPERATING VARIABLES ON RATE OF PRODUCTION

DECASSIFIED
The manufacture of product involves first, the formation of 49 by thenuclear reactions in the pile and second, the chemical separation of theproduct from the unreacted metal and the by-products of the fission reaction.A period of decay is necessary between the formation and separation processes.This periodallows substantially all of the 93Np23 9 to decay into productand greatly reduces the amounts of radioactive iodine and xenon Which are

discharged into the plant atmosphere when the metal is dissolved.

Initially the pile is charged with a suitable--amount of metal andaccording to a selected charging pattern. After preliminary tests to deter-mine the operating characteristics of the pile the power level is raised asrapidly as safety of the pile and of personnel permits. Operation of the
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pile results in the formation of product at ratcs already described in this
chapter. When a predetermined quantity of metal has acquired a suitable
concentration of product this quantity, or batch, Is discharged from the
pile. During the discharging and recharging of the unloaded tubes with fresh
metal, the pile is shut down. After the discharge -of the first batch, which
is simultaneous with the recharging of the affected columns, the power level
of the pile--is again raised to the operating level and irradiation of the
metal proceeds until the next discharge period. The most active metal is
again discharged. This procedure is repeated until a desired quantity of
product has been formed.

The active slugs of the discharged batch are set aside to await a
partial decay of their activity. After this decay period the metal is de-
livered to the separation area. In practice the average rate of discharge
of metal from the pile equals the rate of consumption or capacity of the
separation area. That is, the amount of metal discharged in each batch is
equal to the requirement of the separation plant fdr the interval between the
discharge of batches. The chemical separation of 49 proceeds concurrently
with the product formation after the first batch or metal is discharged and
passes through the decay period.

Factors which Influence the Production Rate

The principal factors which determine the total time required to make
a quantity of chemically separated product are:- a) quantity to be made,
b) power level of the pile, c) amount of metal used, d) location of metal in
the pile, e) extent of pile down time for operating routine, such as dtscharg-
ing and recharging, f) the length of the decay period, g) the time required
by the separation process, h) the yield of the separation plant, and i) the
down time for mechanical failure and possible start-up difficulties.

Of the various factors, an increase in power level results in the /
greatest reduction in total time. The limitationsmon power level have been
described. The down time for discharging and recharging can be broken down
into the time required to lower and raise the power level of the pile and the
time required to discharge and recharge the affected columns. The time to
lower and raise the power level is practically constant irrespective of the
size of the batch to be discharged, while the time to discharge a batch is
directly proportional to the size of the batch. For a fixed average dis-
charge rate-these down times detcrmine the time available for actual pile
operation between discharges. For small batches the fractional irradiation
time, or actual pile operation time, between discharges is less, with the
consequence that the concentration of the product In the discharged metal isnecessarily lower for a given average discharge rate. This has the result
that a larger quantity of metal is required to obtain a given quantity offproduct and this may be an important consideration In the overall picture.

The time required by the separation plant to process a unit quantityof metal is believed to be practically independent of the concentration ofproduct in the metal. The effect of chemical yield on total time to make agiven quantity of product is to alter the amount of product to be formed byan amount equal to that lost in chemical processing.
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Since the total elapsed time to make a quantity of 49 is of prime
interest, estimates of this time can be obtained by making various assump-
tions regarding the type of pile and the magnitude of the different operating
variables. Calculations of this type afford a means of estimating the effect
of different methods of operating and different operating schedules on the
overall rate of production. For purposes of illustration the influence of
these various factors on the operation of a flat cylindrical pile will be
described.

Operation of a Flat Cylindrical Pile DECLASSIFIED
Since the product formation in the various regions of the pile is pro-

portional to the neutron density, it follows that the operating schedule of
the pile depends quite considerably on the distribution of the neutron
density. The neutron distribution in a flat cylindrical pile is shown in
Figure 4. It. is apparent from the figure that the average concentration ofproduct is uniform over regions equidistant from the axis of the cylindrical
loading. The effect of neutron distribution on the number of days to acquirea given average concentration in an annular zone of the pile is shown inFigure 10. The figures apply to a pile assumed to contain 200 tons of metalin a cylinder 1U feet in radius and to operate at 250 megawatts.

In opiration, metal would be discharged at regular intervals from theannular zones. The actual size of the batch, which in Figure 10 is 20 tonsper zone, would be selected after consideration of the effect of batch sizeon total time to nmks a quantity of product and the amount of metal consumed.A consequence, of the procedure of removing the most highly concentratedbatch at each discharge, is that the discharging will not proceed uniformlyoutward from the center. For example, in the case illustrated, if the con-centration at discharge were accepted as 250 gms./ton, the sixth batch ofmetal discharged. would not be that of the sixth zone but would be that of thefirst because it would have been recharged on the 107th day and after asecond 107 days of irradiation it would be ready to be discharged again. Itcan also be seen from the figure that, on the average, the central ring ofmetal would be discharged about six times as often as the outside. ring.
In the operation of a flat cylindrical pile an initial period of irradi-ation is nucessary before a regular schedule of periodic discharging can bestarted. During this time the background concentration is formed and thefirst batch is brought to the discharging concentration. Operation betweenthe regular discharge intervals adds to this initial background of product.The amount of product formed between the discharge periods is proportionalto the actual irradiation time and the power level. The available irradi-ation time is a function of the average discharge rate and the size of thebatch. The effect of various pile discharge rates on the resultant concen-tration is shown in Figure 11.

Conversely, this figure shows the concentration at which the metal wouldneed to be discharged to maintain a given average discharge rate. This ratewill probably be determined by the capacity of the separation plant to acceptmetal. The figure also shows the effect of average discharge rate, nr of
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pushing concentration, on the amount of metal required to make a definite
quantity of product. The quantity selected for this example, and the exam-
ples to follow, is 50 kilograms of finished product. A chemical separation
yield of 70% has been assumed. Consequently the actual amount of product to
be formd in the pile is 71.4 kilograms. It is evident that the metal
consumption increases rapidly as the average discharge rate is increased.
For a given average discharge rate the concentration and. the amount of metal
required are also functions of the batch size. However, the effect of batch
size is small when the interval between dischargee is long as compared with
the time of 6 hours per batch which has been assumed to be required for
shutting down and starting again each time the pileis discharged. This is
true when the batch size, in the case illustrated, is greater than about 8
tone. The effect of reducing the batch size to 2 tons is also shown. A down
time of 80 min./ton has been assumed for the simultaneous operations of
charging and discharging the metal.

Time ReQuired to Make a Definite Quantity of Product DECL SSIFlED
The operating schedule of a pile is influenced by many factors, not all

of which ar' susceptible to mathematical treatment.- It is instructive, how-
ever, to examine the ideal case of an unmodified cylindrical pile operating
on a schedule of the type illustrated in Fig. 12. A pile containing W tons
of metal is run at a power output of Z megawtts for a period of ) days to
build up the first batch to the required average concentration of product, C.
Thereafter, batches of w tons of metal at the sams average concentration are
discharged at regular intervals of d days. Obviously this steady rate of
discharge must equal the rate of formation of product, so that

wC = 0.92 E &

(tons per batch) x (concentration in grams per ton) = (grams
produced per megawatt day) x (power output of pile) x (days of
operation between discharges)

The most active column of the pile arrives at the pushing concentration,
C, in a number of days which is given by the expression:

D, - WC-
2.04 x 0.92 E

where 2.04 is the factor by which the power output of the central column
exceeds the output of an average tube. To start a uniform schedule, it is
necessary to run for a somewhat longer time before making the first push,
to allow the average concentration of the first batch to reach the desired
pushing concentration. An approximate equation which has been used to esti-
mate this additional period of initial operation Is_:

D2 - wCd
2 - 1.97 x 0.92 E 1.97
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The total period of initial operation is then:

D +_D DECULSSIFIED
C W + _ WC + d

0.92 E 2.'4 1.97 2.04 x 0.9? E 1.97

The factor 1.97 is in effect the factor by which the average rate of
production in the central batch exceeds the average rate of production in
the entire- pile. This factor is chosen, so that if the entire pile is
pushed, w = W, (1/2.04) + (1/1.97) = 1, and the number of days required for
the average concentration in the entire pile to reach the pushing concentra-
tion has the proper value D a WC/0.92 E.

The number of batches to be processed can be calculated when the dis-
charge concentration of the metal in grams per ton and the total number of
grams of product to be produced are known. The same factors also unable one
to determine the number of tons of metal required,

The effect of the different operating variables on production time and
on the metal requirements can be determined by carrying through these com-
putations with different assumed values for the viriables. A breakdown of
the total time necessary to make a finished 50-kilogram quantity of 49, as a
function of the different variables, is shown in Figure 13. In the prepara-.
tion of this figure an initial loss of 66 days inbringing the pile to the
power level indicated was assumed. Pile down time other than for routine
operating performance was assumed to be 5% of the total operating time.
The same assumptions regarding chemical separation yield and processing time,
down time for operating reasons, and decay time, were made as in the previous
examples.

It can be seen from Figure 13 that for a constant average discharge rate
the total time is longer and the metal requirement is greater for very small
batches. This increase in time results from the more frequent discharges
which are necessary. Since a larger fractional loss of pile operating time
results from such operation, the pushing concentration of the batches is
decreased and the metal requirement is increased. It can be seen that an
optimum batch size close to 10 tons results in a minimum total time. The
large influence of an increase in power level on total time and metal con-
sumPtion is shown in the example in which a power level of 350 mgawatts,
instpad of 250, was assumed. Operation at higher average discharge rates, 2
tons per day in the figure, is seen to result in some decrease in total time
at a great cost in metal consumption. The possibility of operating at higherdischarge rates is present only if the added separation plant capacity is
available.

The effect of operation at various pushing concentrations on total time
and metal consumption is shown in another form in Figure 14. For comparison,two different power levels are assumed for the pile. The great gain to beobtained by increase in power level is again apparent.

R 6/4 - 1125 -
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FIGURE 13
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-FIG.14-
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EFFECT OF OPERATING VARIABIES

The principal features involved in the scheduling of the operation of

an unmodified cylindrical pile have been described. The actual operating
schedule selected for any Hanford pile is determined by such factors as the

shape of the metal loading in the pile, the method selected for flattening
the heat dUstribution, the possible demand for quick delivery of a smaller

initial quantity of product, the need by the separation area for metal of low
product concentration for preliminary rune, and the amount of separation

plant capacity available Auring the early start-up period. Furthermore, a

change in any of these factors during operation-rtquires a change in the pile

operating schedule.

Decay of Activity of Discharged Metal -DEC SSIFIED
It can be seen from Figure 13 that a-konsiderable fraction of the total

time to make the product results from the need for allowing the activity of

the discharged slugs to decay to levels which are-safe for personnel under-

the operating conditions of the .separation plant., The activity of the slugs

arises fromi the fission products and the 93 which are formed with the product.

The rate of decay of the slug activity is given in the Borst-Wheeler

curves shown in Figure 15. These curves provide a convenient way of obtain-

ing the rate of Qnergy releaseiby the discharged metal, prior to dissolving

in the separation step. The upper set of curves -gives the total rate as a

fraction o' the pile power level fLor various periods of operation and various

periods of decay. The lower set of curves gives -the heating effect in watts
per gram- of fission products. The use of these curves is illustrated 'by the

following example: -

Suppose that a 100-ton pile is run at loajmegawatts for 10

days and that an average 1-ton batch is discharged. To find

tE heat generation in the 1-ton batch 1 day after shutdown,
t&lp product oft the following factors is obtained;-

1(10 megawatts operating level of pile-

=2fraction of pile dischfrged

.B x 1raction of opprating power liberated
- day after shutdown (from upper curves)

Product . megatts =.1.8 kw. .= total rate
of beat generation in the batch

The same result is obtained by use of the lower curves if one

takes into account he fdc^ that approximately 1 gram of
fission product is formed for each megawatt day of operation.

The length of the decay period is determined by consideration of the
factors which create the radiation hazard-In the separation process. The

dominant factor in establishing the waiting period is the radioactivity due

to 93, whIch it is assumed is concentrated with the 49. The relative

activities due to fission products and 9jare shown in Figure 16. For this

R 6/4-1 - 1128 :-
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U-12 E"OT OF OPERATING VARIABLES

figure it was assumed that the ton of metal dissolved and processed as a unit
had been producing power at the rate indicated before being pushed. from the
pile. It was also assumed that the metal had been reacting for a long enough
time so that most of the fission products had come to radioactive equilibrium.
It can be -een that the radioactivity, due to the fission prodncts, changes
very slowly after a waiting time of 50 days and consequently the activity of
the 93 is dominant in the choice of decay time. It can be seen that the
radiation from 93 decays to the tolerance level of 0.1 r/8hr.day in 62 days.
This decay-is progressing during the separation operation so that the
dissolvingtcould start earlier if the material is-kept behind shielding. The
dosage to te expected from the dissolver gases is also shown in the figure.
A lower tolerance dose has been set for iodine because of its preferential --

absorption by the thyroid gland.
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SECTION B -- PILE

CHAPTER XII - HAZARIDS OF PILE OPERATION

The -resent chapter deals with those hazards which arise as a result of
nuclear reactions, and are therefore peculiar to .the process. Hazards of _
this type have never before been encountered on the scale of those at Hanford.
It has been indicated in the chapters on pile control and shielding that the
danger of_operating a pile has been reduced as far as possible by means of
heavy. shields, properly chosen operating procedures, and devices which shut
down a pile in case it begins to go out of control. In spite of these pre-
cautions, however, the plant is by no means foolproof. Constant awareness- of
hazards, both actual and potential, is a prerequisite of safe and effective
operation;

The discussion is broken down into two sections which cover: first, the
hazards of normal, routine operation of a pile; and second, the hazards of
relatively infrequent operations such as tube removal.

- 1201 - a
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HAZARDS DURING ROUTINE OPERAT'ION

New Metal Fabrication and Storage

Metal can safely be handled and machined so long as metal or oxide dust
is not inhaled. The radioactivity of metal is low, so that the controlling
factor is chemical toxicity. The tolerable concentration of metal dust in
air is 0.15 mg./cu.mter. The dust concentration in the shops where the
metal is fabricated is held below this figure by suitable ventilation.

The gamma intensity at the surface of a large slab of metal is slightly
below the tolerable level. The beta intensity is somewhat above the toler-
able figure, but is reduced to a safe level by leaded leather gloves or by
the wooden walls of the storage bins. The alpha particles from metal present
no hazard because of their low penetrating power.

A mass of metal, no matter how large, is unable to maintain a chain re-
action by itself. Some care must be taken, however, when metal is stored in
the presence of moderators such as wood, graphite or water. In the standard
boxes used for transporting metal slugs between operating areas and for
storage, the value of the reproduction factor is approximately 0.8 for an
infinitely large pile of metal filled boxes. It is believed impossible to
sustain a chain reaction with any amount of unenriched metal slugs stored
in water.? Nevertheless the possibility of a chain reaction should be con-
sidered whenever large amounts of metal are stored in a new way in the pre-
sence of a moderator.

Charging -

During the charging operation, the pile is completely shut down. The
only hazards at the charging face of-the pile at- that time appear to be:
a) radiation leakage from a tube from which the water has been lost, and
b) contamination of the water which may flow back through the tube if suf-
ficient pressure is not maintained at the inlet end.

Under normal conditions, the caps are removed manually from the tubes
that are to be discharged, while water continues to flow through all tubes
at a reduced rate. This water serves a twofold purpose. It carries away
the heat generated by the radioactivity of the metal and it prevents the
escape of-radiation along the annular channel between the aluminum tube and
the dummy slugs. For instance, if a slug of metal was removed from the cen-
ter of the pile an hour after shutdown and placed in a thermos bottle, the
temperature of the metal would rise about 0.400/sec. If the water is drained
from a tube, a beam of radiation having an intensity considerably in excess
of the tolerable value issues from the annulus. The area of the beam, and
hence the total number of photons escaping, is fairly small, so that the
hazard from scattered radiation is a minor one. The intensity diminishes to
the tolerable level a foot or so to one side of the beam. The Wilmington
charging machine is shielded so that, as far as radiation leakage is con-
cerned, the water may safely be lost from any tube covered by the machine.

- 1203 -R -5 
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Any instrument or tool such as a reamr, tube puller, borescope, etc.
which may be inserted in the hole may pick up activity by scraping off film
or particles of active aluminum. The degree of such contamination is Un-
certain and each instrument must be monitored to determine the magnitude of
the hazard.

Start-up

The problem of start-up is essentially that of maintaining the pile
under close control. It has been pointed out in Chapter VI of this section
that a pile with 1% excess k and with negligible temperature coefficients can
in principle go from a dead cold start to 1000 kw. in 10 seconds and to
1,000,000 kw in 3 seconde more. Actually, a rise as rapid as this cannot
occur because of the braking effect of the metal reactivity coefficient. A
rise of power is detectable by the proportional counter sets at levels of 1
watt or less, by the Becknms at levels of the order of 100 watts to 0.1 10,
and by the galvanometer (actuated by the differential ion chambers) at levels
of the order of 0.1 MW. These instruments provide adequate warning, so that
as the rods are withdrawn with a reasonable amount of caution there is little
danger of an excessively rapid rise to power. Caution is especially necessary
after a change in the loading or poisoning pattern of the pile, when the criti-
cal position of the controls is relatively uncertain.

Certain areas which are ordinarily inaccessible may be inspected during
operation at low power. Such areas are the hot rod room and the discharge
area. Radiation intensities in these areas are monitored carefully during
such inspections.

Operation at High Power

The solid portions of the pile shield afford adequate protection when
the pile is running at its full rated power of 250,000 kw. Some areas outside
the shield are hazardous because of radiation leakage through apertures in
the shield, or because active materials such as cooling water or control rods
are brought into them from the pile.

The cooling water is highly radioactive when it emerges from the pile.
Radiation from the water in the discharge headers produces about 70 times the
tolerable intensity in the discharge area. This area can therefore be enteredonly when the pile is shut down or running at less than 1000 kw. During opera-tion at high power, the area can safely be observed through periscopes mountedin the ceiling and through a shielded viewing device located in the wall oppo-site the pile face.

If 1% of the surface of the metal in the pile is exposed to the water asa result of coating failure, enough fission products recoil into the water todouble the intensity in the discharge area. If the pile is then shut down,fission products continue to enter hp water because the metal passes intosolution. The radiation intensity produced in the discharge area by this pro-css is, hdvyer, considerably below the tolerable level provided none of theactive rnateri&l sediments or plates out in the fittings on the rear face.

R _9A5 - a
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BecauTe of the relatively long-lived activities in the exit water, the
inlet end-of the decay basin is approachable during operation only for limited
periods. Activities of about 15 mr/hour are observed at the inlet end during
operation at 250 MW. Comparable activities are encountered during purges
with the unit shut down. The exit end is safe.

Cooling water from the control tods enters the room which houses the rod
mechanisms. The hose lines and reels which carry this water present a moder-
ate hazard. However, observations indicate that the intensity of radiation
from these sources falls to-the tolerable level at a distance of a few feet.

Radiation escapes from the holes through which the shim and regulating
rods enter the pile. The rods become very active. The room which houses the
active portions of the rods is not accessible during operation, but may be
inspected through periscopes set in the wall.

The area at the top of the pile is tenable only for limited periods
during operation. The carbon dioxide with which the safety rod thimbles are
filled contains a small amount of air which becomes active because of_ its
argon content. When this impure carbon dioxide is driven from the thimbles
by purges or by scrams, intensities of the order of 100 times tolerance may
exist on top of the pile until the gas is swept out. Similarly, a scram of
the shim rods displaces active gas into the hot rod room from which it is
carried across the top of the unit by the stream of ventilating air. Leakage
of fast neutrons from the drop safety rods producas an additional hazard
during scrams. The top of the unit is evacuated when a scram occurs or is
contemplated. When the drop safety rods are withdrawn after a scram, a 2.6-
hour activity due to a trace of manganese in the rods produces intensities of
several hundred times tolerance at the fence surrounding the rods.

Minor _leakage of helium from the pile is taken care of by the ventilating
air. In case a major leak occurs the pile is shut down while repairs are
made.

Shutdown and Inspection

All areas may be inspected during a shutdown. The pile water activity
drops rapidly as the pile power is reduced, and the discharge area may be
entered as soon as a radiation survey indicates a tolerable intensity. The
survey is necessary because the amount of active materials that may deposit
in the pipes and fittings is variable depending on existence of slug failures
and water contaminants. The area is normally habitable when the pile is
running at-a few hundred kilowatts.

Shim and regulating rods are completely inserted in the pile during a
shutdown, so that radiation from these sources becomes negligible and the hotrod room may be entered as soon as the active gases have been swept out. Simi-lar considerations apply to the safety rod area. During operation at lowpower, the hot rod room may be entered if the radiation from partially with-drawn rods is carefully monitored.

I55 . 1205 f
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Discharging

During preparation of the discharge area for an unloading operation,
precautions are taken to keep the tubes filled with water and to avoid direct
exposure to the beam from a partly filled tube. Apparatus used in the opera-
tion is inspected for evidence of contamination from previous use before it
is brought into the area. Care must be taken to avoid bodily contact with
any material that may have come out of the tubes. Some of it has been de-
monstratedto contain small quantities of product. For this reason all persons
working in the discharge area must wear coveralls and waterproof boots.

The area must be vacated during the actual discharging operation because
the active slugs produce a lethal dose of radiation in a few minutes. The
walls and labyrinths of the area provide adequate protection for personnel on
the outside. When all active slugs and dummies have been discharged into the
pit, the area may be re-entered. The 20-foot depth of water in the pit effec-
tively stops radiation from the slugs. Methods of dealing with slugs that may
be held up in the area exist, but are such that every effort should be made
to avoid the need for using them.

A hazard may arise from active materials which are scraped from the active
slugs ontothe outlet fittings, or from active aluminum picked up by the new
set of dummy slugs during passage through the pile. This hazard must be kept
under constant surveillance, particularly because it may indicate the location
of scored or abraded tubes.

The intense gamma radiation in the discharge area dies out as soon as
the active slugs are removed. It does not induce activity in the walls or
fittings.

The acitvity of the dummy slugs depends on their position in the pile.
Those which were irradiated near the uranium are intensely active; those
which were near the outside of the shield are practically inactive. If the
dummy slugs show little evidence of mechanical wear and corrosion, they may
be re-used after their activity decays to a tolerable value.

Storage and Transportation of Processed Metal DECLASSIFIED
Any amiBunt of pile metal may be stored. in any desired arrangement under

the 20-foot depth of water in the storage pool. The water is a good enough
gamma shield to prevent the escape of any significant quantities of radiation,and it is a poor enough neutron moderator to prevent a self-sustaining re-
action in the mtal, even though the latter contains a quantity of product.

Experience has shown that failure of the slug jackets, either as a result
of corrosion in the pile or of mschanical damage during discharging, is im-
probable. If failures are encountered, it may become necessary to segregate
the imperfect slugs to prevent contamination of the water in the storage pool.
The tongs used to sort out these slugs may become contaminated, and specialprovisions may be necessary to dispose of the water in which bad slugs arestared.

i 5A5 -1206 a
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When the metal is read for transport out of the area, it is loaded into
the lead transfer cask under 20 feet of water. The cask automatically picks
up its lid as it is lifted through the water, and is inspected while it is at
least 5 f6et below the surface to make sure that the lid is properly seated.
It is then raised to the surface and the lid is bolted down before the cask
is swung into the tank car. During this operation, personnel make their
closest routine approach to active metal. However, it is believed that the
apparatus =and procedure make the operation as nearly foolproof as possible.
The cask is supported over water until the lid i_ securely bolted in place so
that the cask and metal drop back into the water in the event of any mishap
short of an explosion inside the cask itself. The bolts which hold the lid
on the cask are strong enough so that the metal will not be spilled if. the
cask is dropped from the crane or thrown from the tank car by a derailment.

After the loaded cask has been lifted from the storage basin the initial
rate of temperature rise is of the order of 5 - 1500/hour, so ample time is
available for transfer to the tank car. The temperature of the loaded tank
car rises by less than 200/hour, and the heat loss from the car to the sur-
roundings should normally be adequate to prevent boiling even after extended
time intervals. If a car is derailed and the water is spilled from the cask,
the temperature of some of the slugs will start rising at a rate of about
10 00/dnte, and a new charge of water should be supplied within half an hour
or so. This can be done by inserting a hose into the water pipes. No radia-
tion hazard exists as long as the lid is still in place and the metal has
not caught fire.

A fire in processed mtal is a- very serious hazard, in that it disperses
both fission elements and product in the atmosphere. Small quantities of
fission products, which might be inhaled as a result of such a fire, decay
in a relatively short time. Product, however, decays very slowly and may
produce lethal effects years after inhalation.

HAZARDS OF. SPECIAL OPERATIONSor PEIA onrn~sDECLASSIFIED

At various intervals it is necessary to perform operations which involve
exposure to active materials withdrawn from the pile or to beai of radiation
from apertures opened up in the shield. Such hazards occur during removal
and handling of special slugs, aluminum tubes, control rods and thimbles, ion
chambers, instruments, and experimental samples.

Special Slugs

Som of the aluminum tubes may contain special slugs of lead, aluminum,
or bismuth. None of these materials become as active as metal, and in many
cases the special slugs could, if desired, be handled with little or no
shielding. As a matter of convenience and uniformity of operation, however,
slugs of all types are handled in the same manner. The special slugs are
discharged into the pit and moved to other storage as required.

R 5/5 -1207-
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"Poison" sage containing a lead-cadmium alloy are inserted in a number

of tubes near the center of the pile to flatten the neutron distribution.

Cadm=uu develops a potent 46-day activity which prohibits re-use of poison

slugs unless very long periods of decay or heavy shielding of the slugs
during recharging are permitted.

The lead and aluminum dummies used in the ends of the uranium-filled
tubes show-activities due mainly to the aluminum. If corrosion and mechani-

cal damage are not too severe, these slugs may be re-used after a suitable
decay period.

Bismuth slugs with aluminum J are irradiated in a central channel.

After a week's decay in the storage b these slugs may be loaded into

their shipping containers either with tongs or under water.

Other special slugs are sometimes iradiated in the pile. These are

handled in accordance with the activities expected or observed in each in-

dividlual case.

Aluminum Tubes

The removal of an aluminum tube from the pile is a major operation which

may become necessary because of corrosion, scoring of the ribs, or a stuck
slug. The tube is pulled into the discharge area. and is cut- off in sections

by remote control. The sections are dropppd into the discharge pit. Simul-
taneously, a new tube is fed in from the c4arging side, while a nominal flow
of water is maintained to cool the metal aqd to prevent the escape of radia-
tion. Under no circumstances should workmap be allowed to stand in line with

an open hole or near a freshly withdrawn tube. Contamination of the pulling
and cutting mechanism by active aluminum, metal, or carbon may present a
hazard.

After the chain reaction has stopped, Whe flow of water to individual
tubes may be interrupted for indefinite petfods without encountering boiling
in the annulus, for heat generated by radid-active decay of the fission pro-
ducts will be conducted away through the graphite to adjacent water-cooled
tubes. A dominant resistance to heat transfer is established if the water is
drained from the annlar space around the active slugs, but the resulting slug
temperatures will still be less than 300 - 4000.

Control Rods oE

Limit tions of mechanical design forced 4e adoption of a type of drop
safety rod that produces an intermittent hazard. The area above these rods

is safe for limited periods while the pile-is operating normally; however,
the rods are so constructed that a man in this area is exposed to the daily

tolerance dosage of radiation in the 2 seconds required for the rods to drop
into the pile when the pile is running at full power. These rods are tripped
only in emargencies, -such as a large drop in inlet water pressure, or a power
failure. Inspection, testing, and repair of the rods is ordinarily done only
during shutdown, at which time such operations may safely be performed. The
end of the rod which receives neutron bombardment becomes active enough to

R /45 1208 -l
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require a special shield in case a rod is completely withdrawn. In this case,
a shield plug is inserted in the empty thimble. The hazards from active car-
bon dioxide driven from control rod thimbles and from the manganese activity
of the rods have been mentioned previously.

If a drop safety rod becomes stuck part way in the pile, the thimble is
filled with water while repairs are made. The water is introduced by tapping
into the lines of the third safety device. The pile is shut down during such
repairs.

Shim and regulating rods are made of aluminum, which develops intense
activity. Removal and repair of these rode is therefore a major operation
which can be performed only after the rods have been kept out of the pile a
week or so to permit decay of the short-livea activities. Usually, it is pos-
sible to withdraw the rod into the hot rod room, plug the hole in the shield
by remote control, and let the rod cool while the pile continues to operate.

a The thimbles which- carry all rods into the pile are removable only after
a week's shutdown. The carbon filling of the shim and regulating rod thimbles
is fairly active, and precautions must be taken against contaniination by this
carbon and against inhalation of active carbon dust.

Ion Chamber Tunnels DECL SSIFIED
The ion chambers which monitor the pile activity are located in horizon-

tal tunnels in the concrete pedestal of the pile. --Yery little activity is ob-
servable at-the ends of the tunnels during operation. The chambers, the
carriaees on which they ride, and the cables connecting them to their ampli-fiers become- more or less active. A steel proportional counter housing re-moved from one of the tunnels after prolonged expou-re had an activity of 200mr/hr when withdrawn. A set of cables connected to the proportional counter
had an activity of 50 mr/hr at the point where it passed in front of one ofthe risers. This was measured the next day. It appears that this hazard isnot very serious with adequate mohitoring.

Special Instruments

Neutron thermocouples and lead wires, ordinary thermocouples, foils, andsimilar instruments which are inserted in the operating pile to measure tem-perature and neutron density, all. develop activities whose intensities andrates of decay depend on the materials of construction. Borescopes and push-ing rods whtLch are inserted in the pile after shutdown are likely to become
contaminated with active material All objects of these types are withdrawninto shielded containers or carefully monitored. Direct handling is permissi-ble only after a measurement of the radiation has shown no hazard. If any ofthe instrument holes are filled with air, provision made for safe disposalof the air after it becomes activated.

R 5/45 -1209--
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Experimental Holes

The experimental holes enter the pile from the side opposite the shim
rods. There are three aluminum thimbles of 3 1/2-inch diameter and three of
1/2-inch diameter. These holes may be used to insert test samples, ionization
chambers, foils, counters, and neutron thermometers in the pile. One 3 1/2-
inch hole is used to expose test samples of graphite and aluminum. This hole
contains a close-fitting graphite cylinder in which nine 1/2-inch hole are
bored lengthwise. Where the thimble passes through the shield it is plugged
with iron and Mae-onite, and the 1/2-inch holes are fitted with removable rods
of lead.

The experimental holes- are opened for removal of samples only after
shutdown, and operators are not allowed to stand directly in line with the
open holes._ The lead rods are handled with tongs._ They do not required
special shielding. Samples and sample carriages, however, are removed into
a shielded receptacle and stored until their activity decays. Since the
sample carriers slide in a graphite channel, precautions are taken against
contamination by active graphite dust. Active gases may also be released when
a hole is opened.

DCASSIFIED
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HANFORD ENQINEEi WORKS TECHNICAL MAWAL

SECTION B - PILE

CHAPTER XIII - VARIATIONS IN PUS REACTIVITY

The reactivity of a pile changes during the course of operation.
Some of the phenomana which cause these changes take place very slowly,and their effects are noticeable only over long periods of operation.
Others take place more or less rapidly. Any change which is large enoughto be detected is significant from the standpoint of operating procedure;hence, an understanding of the nature of short-term changes is helpful intaking a pile through a scram or a power change, while an understanding oflong-term effects is helpful in predicting future loading and poisoning
patterns. The factors affecting pile reactivity are discussed in this
chapter.
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PRINCIPAL CAUSES OF REACTIVITY CHAGES

The principal causes of reactivity change, and the periods of time overwhich they are effective, are summarized in the following tabulation:-

Cause Period Reactivity Change

Metal temperature

Graphite temperature

Xenon poisoning

Product formation

Boron burning

Depletion of u235

Sm 4 9 production

Gross fission products

seconds Decrease with temperature increase

minutes Increase with temperature increase

hours Decrease with power increase

days or Increase with tim and power until
longer metal is discharged

Increase with time and power

Decrease with time and power until
metal is discharged

Decrease with time and power until
metal is discharged

Decrease with tims and power until
metal is discharged

SHORT TERM CHANGES DECLASSIFIED
Short-term changes, which are important during a scram, a power change,or a shutdown, are usually discussed in terms of an- experimentally measurablemetal power coefficient, a graphite power coefficient, a graphite period, anda xenon poisoning effect. During a shutdown, the growth of product must alsobe taken into account. The origin of these effects is discussed in turn.

Metal Power _Coefficient

The metal power coefficient, which is expressed in inhours/megawattCm/IW), is obtained from that part of the reactivity change which followsthe metal temperature. It is stated in terms of power rather than of tem-perature because the power is measured on a routine basis, while the metaltemperature is not. Power and metal temperature are not strictly proportionalbecause the thermal conductivity of the metal varies with temperature; however,the relation is close enough for most purposes. The metal coefficient isactually the resultant of several effects:- (a) The resonance absorption ofneutrons in metal increases with metal temperature, and, therefore, the ratio

- 1303 -.
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of captures to fissions increases. More neutrons are converted directly into
product and fewer are left over to continue the fission reaction. (b) At
higher temperatures, a unit mass of water in the annulus scatters thermal
neutrons more strongly and reduces the number which reach the metal. (a) The
column of metal expands with rising temperature and increases the effective
length of the pile. (d) Expansion of slugs and tubes changes the size of the
water annulas and hence the amount of water present. (e) The water expands,
reducing the amount of scattering and absorbing material in the annulus.

The net result of these factors is that this part of the reactivity de-
creases with increasing power, and the metal coefficient assumes values of
the order of -0.2 ih/KM. In a pile operating at 250 W, the metal, therefore,
uses about 50 inhours.

The metal temperature follows the power output of the pile with very
little time lag. This happens because the thermal conductivity of the metal
is high and the thermal contact between metal and water is good. The reac-
tivity change which is completed within a few seconds after a sudden power
change, therefore, is associated with and may be used to estimate the metal
effect.

Analysis of changes in the metal coefficient after long periods of oper-
ation or after replacement of irradiated metal may yield information on long
term poisoning effects, as well as on higher metal temperatures due to the
formation of film on the slugs or to changes in metal conductivity. Such
changes have been observed, but their interpretation is not clear.

Graphite Power Coefficient DECLASSIFIED
The graphite power coefficient is obtained from that part of the reac-

tivity which is related to the graphite temperature. The graphite effect
lags behind changes in pile power with a period of the order of 20 minutes.Since graphite temperatures are measured routinely, a graphite temperature
coefficient may be calculated. The graphite coefficient is attributable
mainly to the fact that the "temperature" of the thermal neutrons in the pileis set by the graphite temperature. The scattering cross section of carbonand hydrogen decreases with increasing neutron temperature; hence, "hotter"
neutrons are able to wander more freely through the graphite, through the waterannulus, and into the metal. In the metal, these "hot" neutrons affect theratio of captures to fissions and also the effectiveness of the xenon poison.Other factors are the specific heat and thermal conductivity of the graphiteand the thermal conductivity of the annular gap between the graphite blocksand the aluminum tubes. The net effect is favorable; the coefficient hasvalues of the- order of 40.4 ih/W. In a pile operating at 250 MW, the graph-ite effect, therefore, contributes about 100 inhours.

Over long periods of operation, the graphite power coefficient and thegraphite temperature coefficient both increase, so that during a long run atconstant power the graphite runs progressively hotter. This happens becausethe thermal conductivity of the graphite is reduced as more and more carbonatoms are dislodged by neutron bombardment from their normal locations in the
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graphite structure. The graphite temperature coefficient measured with re-
ference to a thermocouple in the center of the graphite, i.e., equidistant
from the surrounding columns of metal, increases less rapidly than the graph-
ite coefficient which is measured with reference to the power output. This
happens because, as the graphite conductivity decreases, the graphite remote
from the tubes runs hotter than the graphite adjacent to them. It is the
graphite adjicent to the tubes, however, which determines the temperature of
the neutrons entering the metal. The graphite temperature coefficient has
values of the order of 12.0 ih/00 for a uniform heating of all the graphite
in the pile. -

Graphite Period DECL SGIFIED

The graphite period, which is the time required for the temperature of
the graphite to change by a factor of e (2.718) is Measurable because the
thermal conductivity of the graphite is comparatively low and the graphite
temperature does not reach a steady state until an hour or more after a power
change. The graphite period may be obtained directly from the readings of
thermocouples imbedded in the graphite, or indirectly from reactivity changes
following a power change. Because this time period is related to the thermal
conductivity -of the graphite, the increase in graphite period over long periods
of operation gives some indication of the decrease in thermal conductivity.
Graphite periods supplement information obtained by direct thermal conductivity
measurements on samples exposed in the test holes.

Xenon Poisoning

The appearance of the highly absorbing isotope of xenon, xel 3 5 , among
the products of fission gives rise to important poisoning effects. The ab-
sorption cgss ection of this isotope for thermal neutrons is estimated as
2.33 x 10±o c , a value about a million times greater than most absorption
cross sections. The formation of this isotope may be represented as follows:-

100 fissions o o.4 atoms of xel 35 by direct formation

6.3 atoms of Tel35 (2-mn.)

The Te 1 35 decays by the following chain:

(2-zin.) (6.7-hr.) (9.2 hr.)_ (stable)
Tel-35 1135 Xel3y1 3 5 .--- r a 1 3 5 -- Bal35

S(10M t 1135
(12-nan.)

The fraction of xenon formed directly is o.4/(6.3 3 0.4) .o6.
The fission yield is (6.3 + 0.4)/100 : .067.
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The 2---minute period of the tellurium and theJL2-minate period of the
xenon isomer are short enough so that their effect on the reactivity tran-
sients is negligible. The fraction of the Xe1 35 formed as a primary fission
product is believed at present to be about 6%, as shown above.

The growth and decay of xenon poison can be calculated with considerable
precision by means of equations which are given in an appendix to this chap-
ter. The general principles are given below.

1) In any particular slag, iodine is produced at a rate proportional
to the power output of the slug and is removed by its own natural
dacay. When the slug operates at constant power, over a period
of several days, the iodine concentration approaches a steady or
saturation value, which is proportional to the power.

2) Xenon is formed at a rate which is the sum of (a) the rate of
formation as a direct product of fission, proportional to the
power, and (b) the rate of formation via iodine decay, propor-
tional to the iodine concentration. Its rate of removal is the
sum of (c) its own natural decay, proportional to the xenon con-
centration, and () the rate of "burning out", or neutron capture
t1 form stable, non-poisonous Xel36 . The latter rate is propor-
tional to the product of power and xenon concentration. The
xenon concentration also approaches a saturated value after several
days of operation at constant power, and the saturated concentra-
tion is a function of the power.

3) A given amount of xenon depresses the reactivity of the pile by
an amount which is proportional to the square of the neutron
density at the location of the xenon. For example, suppose that
a slug in the middle of a central column operates at a power of
10 KW, contains unit concentration of xenon, and depresses the
reactivity of the entire pile by unit amount. A slug at the end
of the same column operates at about 2 KW and contains about 0.28
units of xenon (the xenon concentration is not directly propor-
tional to power because of the burn-out effect). The neutron
density at the end of the column is one-fifth of the central den-
sity, and one unit of xenon at this location reduces the reactivity
by one twenty-fifth of a reactivity unit. The xenon in the end
slug therefore exerts only 0.28/25 or about one percent of the
poisoning effect shown by the xenon in a central slug. To find the
overall effect of the xenon poison, one must therefore average the
local poisoning effect, which is proportional to the product of
xenon concentration times square of neutron density, over the entire
active lattice. The reactivity absorbed by the poison is governed
both by the power output of the pile and the neutron distributionwithin the pile, increasing with rising power and decreasing with
the addition of flattening.

The effective concentrations of iodine and xenon are customarily statedin units of inhours. One inhour of iodine means an amount of iodine dis-tributed through the pile in such a way that it would absorb one inhour of
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reactivity if it were suddenly converted to xenon. One inhour of xenon means
an amount of xenon so distributed that it actually absorbs one inhour.

The effect of power and flattening on the saturation values of iodine
and xenon is plotted in Figure 1. For a fixed amount of flattening, the iodine
value increases linearly with power, while the xenon value approaches a limit
as the power goes to infinity. This is a consequence of the increased burn-
out of xenon as higher powers are attained. At a fixed power, the saturation
values of both iodine and xenon decrease as the neutron distribution is flat-
tened by the addition of columns of "P-dummy" slugs of lead-cadmium alloy.

Durin the first few days after a rise to power, a power change, or a
shutdown, the iodine and xenon vary with time. These effects are illustrated
in Figures 2 to 5. It is evident in these figures that the iodine grows and
decays in a straightforward manner, while the xenon shows a more complicated
behavior.

In Figure 2, the growth of iodine and xenon are plotted as functions oftime after a sharp rise to power with the pile initially poison-free. Theiodine concentration rises linearly for the first few hours, then levels offand approaches saturation at the end of about 2 days. The xenon concentrationcannot rise until an appreciable amount of iodine has formed and decayed; hencethe xenon curve has an induction period of the order of 2 hours. The xenonbuilds up more slowly than the iodine because it mst wait for the iodine todecay and because its own half-life is the longer of the two.

Figure_3 shows the decay of poison after a shutdown. The iodine decaysexponentially. The xenon increases during the few hours immediately followingshutdown. During this period, xenon is formed from iodine almost as rapidlyas it was during operation, but, since the burn-out has stopped, it is removedat a reduced rate. The result is a rise in concentration. After about 5 hoursthe iodine concentration falls to a level where it produces xenon just as fastas the xenon decays. At this point the xenon concentration passes through amaximum. The height of this maximum above the previous saturation level,about 65 inhours, is very nearly equal to the effect of one control rod com-pletely inserted in the pile. On the downward slope, the longer-lived xenondecay proceeds less steeply than the iodine, with the result that the xenon de-cay lags farther and farther behind the iodine decay.

Figure 4 shows how the concentrations change after a sudden rise in power,in this case from 200 to 250 megawatts. The iodine smoothly approaches itssaturated value at the new power level. The xenon decreases during the firstfew hours because the burn-out has suddenly increased while the iodine concen-tration has not yet risen enough to produce a compensating amount of xenon.After about 4 hours, the production of additional xenon from the increasingiodine concentration begins to catch up, and the xenon curve goes through aminimm. From there on, the xenon slowly builds up to its new saturation value.
Figure 5 shows the effect of a sudden drop in power from 250 to 200 mfga-watts. This may be regarded as a partial shutdown, -and is similar to the com-plete shutdown in Figure 3 except that the effects are less pronounced. Thexenon increases at first because the burn-out is lessened; then it goes througha shallow maximm and slopes off to its new saturation value.
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SATURATED VALUES OF IODINE AND XENON
2004-TUBE, 35 SLUG PILES WITH COLUMNS OF LEAD-CADMIUM

ALLOY SLUGS ABSORBING 0, 100, 200, AND 300 INHOURS
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mm FIGURES 4 C 5

EFFECT OF POWER INCREASE ON IODINE AND XENON
(2004-TUBE, 32- SLUG PILE)

(POWER RAISED FROM 200 TO 250 MW)

8OON

7007

600

............. £.L t 4 I . IL.LLi f
H+r

t
t~flII.4L~~tiiLLij.jjj1 I 1 1 I~~t . 1111111 ,I ... IJ~f I - irw I fl-I.

i*.
I-H

4:Ff+ 1ZILIII :~tttttJ1q -1111 11 ri rm

ilF.U, F-4
I 'A~t ... ............... YY ~ YY ~f~fYf-fl~tZ2 L

m

ci,

ca 500. I
0 10 20 30 40 50 60

HOURS AFTER POWER INCREASE

4 Pili

70 80 90 100

EFF

00

700

600

EOT OF POWER DECREASE ON IODINE AND XENON
(POWER DROPPED FROM 250 TO 200 MW)

0 -

F

10 20 30 40 50 60HOURS AFTER POWER DECREASE
70 ao 90 100

-1310-

a

tu

500
0

-- -I--
-----------

11

9

A

ME



HW-10475-SEC. B

COPY NO. 63 SERIES C

LONG TERM CHAIGES

A hydraulic analogue of the action of iodine and xenon is illustrated inFigure 6. _Two valves, which open with increasing power, are ganged together.One regulates the flow of atoms from the fission chain of mass 135 into a sys-tem of capillaries which delivers 94% of them to the "iodine" tank and 6% tothe "xenon" tank. The other regulates the flow of atoms from the "xenon"tank through the drain which represents burn-out of the xenon. The iodinetank drains into the xenon tank through a capillary, so that the rate of flowOf iodine is proportional to the head in the iodine tank. The xenon tank hasa similar drain. A float valve in the xenon tank is coupled to the power-sensitive valve linkage so that a rising level in the xenon tank shuts downthe power.

Growth of Product after Shutdown

When a-pile is shut down after an extended run, product continues to beformed from the 93Np239 present at the time of shutdown, and the reactivitytherefore increases. At the same time, the burn-out of 92235 which durioperation compensates a large part of the change due to product formation, isstopped. For a 2004 -tube, 32 slug pile which has run at 250 MW, this con-tribution annunts to about 6 inhours in the first 24 hours after shutdown andcontinues to grow with the 3.3-day decay period of the Np 2 39 until it con-tributes a total of about 24 inhours. 93

LONG-TERM CEANES

Of the long-term changes in reactivity, only the destruction of boronand the improvement of, the graphite coefficient contribute to the reactivityof the graphite part of the structure and are independent of metal removal.Other factors, such as the depletion of 921235, the formation of product,and the formation of fission products, depend on processes which occur in themetal. The gain from these latter effects is lost when the metal is dis-charged.

In Figure 7, the predicted values of certain of these long-term changesare plotted against time for the case of a 2004-tube, 35-slug pile operated
at 250 MW. The various factors are discussed in more detail below.

Boron Burning

The graphite contains about 0.4 parts per million of boron, which isslowly burned out by neutron capture. An initial rate of gain of 1.3 il/dayat 250 MW Is obtained. This rate of gain decreases as the boron burns out.Ultinately, the effect Is expected to contribute a total gain of about 300 ih.
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HYDRAULIC ANALOGY OF XENON POISON
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Improvement -of Graphite Coefficient

The improvement in the graphite coefficient is not subject to purely
theoretical prediction because among other reasons, the decrease in thermal
conductivity of thb graphite is not completely understood. It is necessary
to extrapolate on the basis of experience. It has been found that data taken
during the early operation of a Hanford pile can be reasonably well fitted by
the equation:

08 = 0.20 + 0-36(1 - e-0.00 8E)

where E = megawatt days per central tbn
og = graphite coefficient in ih/W
e = 2.718

For a 2004-tube pile with 90.5 effective central tons of mtal, the
above equation yields the following results:-

Days of Operation at 250 MW

0

10

100

00

Graphite Coefficient

0.20

0.27

0.52

0.56

On this basis one might expect the graphite coefficient ultimately to
contribute 140 inhours at 250 MW. Actually, the graphite coefficient shows
certain erratic variations which remain unexplained.

Increase in Graphite Period

The future behavior of the graphite period, like that of the graphite
coefficient, can be, predicted only by extrapolation of operating data. A
rough relationship in this case is:

G(minutes) 7 + - 0 -0.008E)

which, for a 2004-tube pile as before, gives:
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Days of Operation at 250 WV Graphite Period, Minutes

0 7

10 14

10042 DECLASSIFIED
Thesedata satisfactorily represent the trend obtained during the first

100 days of operation of a Hanford Pile. At longer times, and as the metal and
poison columns are changed, considerable deviations occur.

Growth of Product during Operation

When a new pi e is started up, or when a fresh batch of metal is charged
into a pile, 93 Np1 9 builds up to its steady state concentration and decays
into product. The product concentration therefore lags behind the megawatt
days of operation by an induction period of 3.3 days, which is the mean life
of the Np 3 9 . After the Np reaches saturation, the product concentration
increasN at a rate such that it contributes nearly 7 ih/day for a 35-slug,
2004-tube pile operating at 250 MW. In the nominal period of 100 days that
the metal is left in the pile, this increase is of the order of 700 inhours
(Fig. 7).

Depletion f U2Ti235

The depletion of 9235 causes a reduction in-reactivity which proceeds
in direct proportion to the accumulated megawatt days, with no trailing effects
such as those shown by product. The resulting loss in reactivity is calcu-
lated to be about 5 ih/day for a 35-slug, 20 0 4 -tube pile operat'ing at 250 MW.
This effect, which amounts to about 500 inhours after a 100-day run, offsets
a large part of the gains which result from product formation.

Samarium Poisoning

The stable nucleus Sm49 is formed by the fission process in a yield of
approximately 0.34%. This nucleus has a cross section of about 5.5 x 10-20
cm2 , and, next to xenon, is the most potent Imown absorber among the fission
products. As this poison accumulates, the chance of burn-out by neutron
capture increases. Over long periods of operation the samarium poison there-fore approaches a saturated value. Calculations indicate that initially thesamarium poison is formed at a rate of 1.64 lb/day in a 35-slug, 2004-tube
pile. After 100 days of operation it absorbs about 63 inhours. After infi-nite operation it would absorb about 70 inhours.
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Gross Fission Product Poisoning

The great majority of fission products have normal absorption cross sec-
tions and therefore are rather unspectacular poisons. A reasonable estimate
of their poisoning effect, based on an average product of yield and cross
section of 0.03, indicates that their poisoning effect should increase at a
rate of about 0.37 ih/day at the 250-44 level, or 37 inhours at the end of a
100-day run.

Miscellaneous Causea of Long-Term Changes DECL SSIFIED
A number of potential causes of long-term drifts in reactivity have been

discussed but not evaluated. These are as follows:-

a) Nuclei such as p236 fl237, pa24 0 and, pU2 4 1 may be formed
in-quantities sfficieneto aff2ct reactivit The properties of
these nuclei are unknown.

b) Nitrogen or other impurities occluded or adsorbed in the graphite
may gradually diffuse or burn out.

c) Changes in helium purity (particularly nitrogen content) affect
reactivity. Within the usual limits of helium purity, this effect
is small.

d) Changes in inlet water temperature change the temperature of the
entire unit. The effect of such changes is not known.

e) The buildup of film on the tubes and slugs produces a small de-
crease in reactivity which is regained when the film is removed
by purging. It is estimated that a film containing I mg. iron/
sq.in. of slug surface absorbs less than linhour.

CHRATING CONSEQUENCES OF CHAMS IN REACTIVITY

The operation of the pile is governed by the combined effect of the re-
activity changes. Since these changes differ greatly among themselves in
their magnitude and in the periods of time over which they are effective,
the reactivity of a pile at any time is a fairly complicated function of its
previous history. It is possible, however, to make reasonably accurate pre-
dictions of pile behavior under any conditions simply by adding up the re-
activities which are effective at the tins in question. In the remainder of
this chapter, specific practical cases are used as example of this method. It
should be emphasized that the examples are based on a reasonable set of coef-
ficients, and are intended only to demonstrate the order of magnitude of the
changes. The coefficients are subject to considerable and in some cases unex-
plained variations, so that for any actual operating condition it is necessary
to base calculations on the most recent set of experimentally observed coef-ficients for the particular unit in question.
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Power Change

One of the simplest examples of transient behavior occurs after a power
change, and is illustrated in Fig. 8. Suppose that a pile has been operating
at 200 MW long enough for the xenon concentration to reach its saturated
velue. At zero time, the control rod is rapidly withdrawn, the power rises
to 250 MW, and the rod is reinserted to hold the power steady at the new
level. The transients following such a change appear in Fig. 8 A.

The metal heats up as rapidly as the power rises, so that a few seconds
after the 250-W level is reached the metal absorbs soms 12.5 inhours more
than it absorbed at the 200-W level (-0.25 ih/W metal coefficient x 50 W
change), and remains constant with time thereafter.

The graphite heats up at a rate set by the graphite period. At the end
of an hour or so the graphite reactivity change is substantially completed,
and the graphite from that time on contributes 20 inhours (0.40 ih/MW graphite
coefficient x 50 W change).

The xenon poison decreases to a minimum during the first few hours.
Thereafter it increases to its new saturation value, as described In con-
nection with Fig. 4.

The sum of these three effects is the reactivity change that must be
compensate&by the control rod. Just after the power change, the critical
position of the rod is farther out (by 12.5 ih) than it was during operation
at the lower level. The rod at this tim contributes an amount of reactivity
equal to that absorbed by the sudden heating of the metal.

The rod then slqwly moves in to balance the reactivity gained as the
graphite heats up and the xenon poison burns out. After twenty minutes or so
the rod returns to its initial position; then, over the next several hours,
continues to move in until the xenon poison reaches its minimum. After the
minimum Is passed, the rod moves out again until the xenon poison arrives at
its new saturation value a day or so later. The final position of the rod is
farther out than its initial position by an amount equal to the reactivity ab-
sorbed by the increased amount of xenon minus the reactivity contributed by
the sum of the metal and graphite effects. For instance, 30 hours after the
change the xenon poison has increased by 57 inhours while the overall coef-
ficient contributes 0.15 ih/MW x 50 MW . 7.5 ih. The not change is then
49.5 ih.

By taking the calculated curve of the xenon poison and the observed
curve of rod position versus time after such a power change, it is possible
to deduce values of the metal and graphite coefficients and of the graphite
period.

In the case illustrated above, the control rod is required to absorb
about 17 inhours during the xenon minimm and to contribute about 70 inhours
after the new condition of saturation is reached. A total swing of 87 in-
hours is more than a single rod can handle.
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REACTIViTY TRANSIENTS FOLLOWING A CHANGE IN POWER
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Figur6 8 B shows the transients following a drop in power. The tran-
sient behavior here follows processes analogous to those described above, but
inverted.

Shutdown

In a complete shutdown, the reactivity changes are considerably larger
than those described above because the power change is greater. Normally,
when metal is to be discharged, the pile power is reduced either gradually or
etepwise over a period of an hour or so. This is done to eliminate the pos-
sibility of damage by thermal shock. In a-slow shutdown; the metal and graphite
transients follow the fall in power relatively smoothly. For purposes of illus-
tration, however, it is perhaps better to consider a fast shutdown, such as
that shown in Fig. 9.

In this figure, the instantaneous gain as the metal cools is 62 inhours,approximately the amount of reactivity held by a single rod. This sudden gain
may affect the rate at which the pile can be shut down. For instance, if a
single rod is driven into an operating pile, the multiplication factor during
the next few minutes is less than unity by a rather narrow margin, and the re-
action dies slowly. This effect is shown in Fig. 10.

Returning to Fig. 9, one finds a graphite effect of about 100 inhours
appearing with the characteristic graphite period and tending to cancel the
momentary gain provided by the metal. Xenon, growing more slowly, absorbs
additional reactivity. These effects absorb an increasing amount of reactiv-
ity until the xenon reaches its maximum. At this point the reactivity of the
pile is reduced by more than 100 inhours, and the pile can be revived only if
a rod and a half or the equivalent in poison columis can be withdrawn.

After the xenon maximum is passed, the pile gains reactivity and returns
to its initial xenon concentration about 11 hours after the shutdown. The
xenon decay continues until at some time a little greater than a day after
shutdown the reactivity restored to the pile exceeds the absorbing capacity
of the control rods, and the unit must then be kept under control by the use
of drop safety rods or poisoned columns.

Product continues to grow during the shutdown, making a relatively small
contribution to the total reactivity over the first few days.

Scram

During _an emergency shutdown, transient effects may become large enough
to prevent restoration of the power; it may then be necessary to delay starting
for 10 or 12 hours until the xenon decays. To avoid this loss of production,it is desirable to operate the unit in such a way that recovery from scram -ofreasonable duration is always possible. Usually, this means that the pilemust run with the control rod absorbing 20 to 40 ih.

The reasons for the above situation may be found in Fig. 11, which showsthe behavior of the transients during short and long scrams. For the sake of
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(POWER OUTPUT FOLLOWS THE "METAL"

I---

i 1
DOWN I0 MIN.

A. 10 MINUTE SCRAMELASSIFIED
RAPHITE

XENON

I

ROD

METAL COEFFICIENT: -0.25 IH/MW
GRAPHITE COEFFICIENT'+ 0.40 IH/MW
GRAPHITE PERIOD! 20 MIN.

40'

20-

-20-
4 -

w
m

-40-

-60-
420

0

z

60-

> 40-

C

-20-

0

0

-- 0-

-60-

-so

GRAPHITE

B. -o MINUTE SCRAM

XENON

6r-------- -~ - --

--I _=
I

I ROD

DOWN 30 MIN.

I
I
/

S

3O 40 go 60 70 so 90 100 lo
MINUTES AFTER SCRAM

-1322-

a-
CURVE)

C'

7-

i----

0 lo 20

ROCI



HW-10475-SEC. B

COPY NO.,6A3 SERIES C

-OPMUTION EFFECTS

clarity, the data are idealized in that the power is dropped abruptly, held
at zero (or less than 1 MW for 10 or 30 minutes, and then allowed to rise'
linearly to full, power over the next 10 minutes. Actually, the drop in power
proceeds m6re nearly as shown in Fig. 10, while the rise to power is expo-
nential from the time the rods are pulled out until the power reaches a few
tens of megawatts and levels off rather gradually,-oscillating somwhat about
the final level. The linear approximation employed here is close enough for
purposes of illustration.

Consider first the 10-minute scram, Fig. 11A. The figure gives the re-
activities absorbed by the mtal, graphite, and. xenon effects, and by the
control rod at its critical position, as functions of tim. Just after the
instant of _shutdown, the mtal effect contributes reactivity which must be
held by the rods. As the shutdown progresses, the graphite cools and the
xenon poison grows. Both of these effects absorb reactivity, so the rod is
moved out to keep the unit critical. During the rise to power, the xenon and
graphite effects level off and begin to decrease, while the heating of the
mtal and the rate of rise to power absorb additional reactivity which must
be supplied by moving the rod out still farther. When the unit reaches full
power, the rod is moved in enough to hold the power steady. At the end of the
rise to power, the mtal effect is restored to its original value but the graph-
ite and xenon continue to absorb reactivity, in this case 49 inhours. As the
unit continues to run at full power, the graphite warms up to a steady temper-
ature and the xenon decays to its saturation value; while the rod slowly moves
in to its original position. In this case the rod is called upon to contribute
at most a little more than 50 inhours.

When the scram lasts for a longer tims, as in the 30-minute case, Fig. 11B,
the graphite cools to a lower temperature, the xenon grows to a higher concen-
tration, and the rod mst move farther out to compensate these effects. Immdi-
ately after the rise to power, the rod contributes 82 inhours. Since a regu-
lating rod can absorb or contribute only about 65 inhours, and since normally
only one rod is left in the running pile, it is evident that a return to power
may be impossible if the scram is unduly prolonged.

In praetice, it is not-necessary for the rods to retain a margin of re-
activity aslarge as that implied-by the foregoing discussion. The critical
factor is whether the pile can be raised soon enough to a power at which
further xenon growth is stopped by burning out, so that evan a minute positive
overall power coefficient can carry the pile through the remainder of the rise.
This situation may be understood on the following basis:- Any time after a
hypothetical poison-free pile is shut down, it can be brought to power again
if the rod can supply enough reactivity to start the rise. As soon as the
rise begins the positive overall power coefficient causes the reactivity to
increase. For the worst case, namely, a long shutdown in which the graphitecools to inMet water temperature, the rod need supply only a little more than
the reactivity loss caused by the overall coefficient. For shorter shutdowns,in which the graphite cools only partially, the rod has to supply proportion-ately less reactivity.

In the actual case, xenon poison accumulates during the period of zero
power and continues to increase until the power rises to a level high enough
to stop further xenon growth. After the xenon growth is stopped, the pile
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can continue its rise to full power under the inpetus of the positive power
coefficient, as described above for a poison-free pile. The only difference
is that in the actual case the rod must supply a reactivity which slightly
overcompensates the sum of metal, graphite, and xenon effects at the time
when xenon formation levels off.- If this condition is met, the pile can
continue to rise freely, with its period governed by how far the favorable
but slow-moving graphite effect trails behind the unfavorable but fast-moving
metal effect.

To indicate the order of magnitude of these effects, conservative estimates
of the reactivity required before shutdown of a 35zslug, 2004-tube pile oper-
ating at 175 MW are tabulated below. In all practical cases the required re-activity is less than that indicated, because the tabulated values are based
on the assumption that the burn-out is effective only from the time the statedpower is reached, whereas actually some burning out occurs during the rise tothis power level.

Time from scram Power necessary Excess inhours
t_ beginning of to stop xenon required before
rise, minutes growth, MW shutdown

10 163 -38

15 157 50
-20 152 58

3.6 (worst case) 0 108

An overall coefficient of 0.12 ih/ 4 is assumed in these estimates. -

Rise to Power after a Shutdown

In an earlier portion of this chapter it was stated that, during a longshutdown, the decay of xenon poison may contribute more reactivity than thecontrol rods are able to hold. When this condition exists, the pile is cap-able of rising out of control as soon as the safety rods are withdrawn. Atemporary poison is required to hold the pile under the control of the shimand regulating rods until the xenon poison can be restored by power operation.The safety rods cannot be used for this purpose because they would overheatand buckle, and would also become intensely radioactive. A workable methodis to add columns of "P-dummies", run the pile until the xenon is reestablished,and then discharge the P-dummies during a short shutdown. This procedure issufficiently costly in terms of lost production so that it is worth-while toeliminate the need for it by strictly limiting the duration of shutdowns.

The pile cannot safely be brought to power unless, just prior to startup,S the control rods are able to hold it by a margin of- the order of 100 inhours.The reason for this is illustrated in Fig. 12. When the pile is raised topower, the rate of xenon decay is increased over the normal rate because of
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FIGURE 12

XENON POISON DURING SHUTDOWN AND STARTUP
2004-TUBE, 35SLUG PILE WITH 120 IH OF FLATTENING,
SATURATED AT 250 MW PRIOR TO SHUTDOWN; RETURNED
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the increased burn-out. The xenon poison therefore continues to decrease for
several hours after startup, until enough iodine builds up to reverse the
trend.

If the pile has been operating steadily at 250 MW with the regulating rod
absorbing 30 inhours and all control rods are capable of absorbing 360 inhours,
the margin available for controlling xenon decay is then 330 inhoura. Refer-
ence to Fig. 12 shows that after a 24-hour shutdown 234 inhours of xenon poison
have disappeared. If the pile is restarted at this time, the minimwm xenon
concentration will be reached 4 hours later, and at this time 288 inhours of
,xenon have disappeared. This is within the controlling margin of 330 inhours,
and operation may continue safely.

On the other hand, if the shutdown lasts 30 hours, the xenon at startup
contributes 326 inhours. The pile can be started under this condition, but
less than an hour after startup the increased xenon decay exceeds the 330-
inhour limit. The pile then mt be shut down to forestall an uncontrolled
rise in power.

The total xenon loss (decay during shutdown plus burn-out when operation
is resumed) which the rods mat balance after startup is plotted as a function
of shutdown tims in Fig. 13. The scale at the top of the figure gives the time
after startup at which the minimum xenon concentration is reached. For ex-
ample, after a 30-hour shutdown the xenon poison decreases by 344 inhours
(from 520 ih during operation to 176 ih at the minimm), and the minimm is
reached approximately 3 hours after startup. The xenon reaches its minimm a
short while after a long shutdown, and vice versa.

The effects of metal and graphite transients are of relatively minor
importance during a startup after a long shutdown. These effects are indicated
in Fig. 14 for a fast startup after an 18-hour shutdown. Even during a very
rapid rise to power, the pile has plenty of excess reactivity. In practice,
the pile is brought to full power over a period of-an hour or so, and the
sharp peak shown in the "total" curve at startup therefore is greatly reduced.

After startup and before the xenon poison is restored to its saturation
value, the pile Is operated at full power with a number of control rods in-
serted. These rods distort the neutron distribution in the pile and cause
local "hot spots", or groups of tubes whose outlet water temperature is high.
These may be eliminated by changing the control rod configuration and thereby
shifting the neutron distribution.

When temporary P-columns are used during a rise to power, the P-columns
are inserted in the zone outside the shim rod pattern. Early in the startup,when the shim rods are fully inserted, the P-columns are in the zone of great-
est activity and exert a maximm effect. After the xenon is restored, theshim rods are all out and the P-columns exert their minimum effect. This
precedure helps to minimize the abrupt change in reactivity which occurs whenthe temporary P-columns are discharged.
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FIGURE 13

MINIMUM CONCENTRATION OF XENON POISON AFTER A STARTUP

2004-TUBE, 35 SLUG PILE WITH 120 IH OF FLATTENING,
SATURATED AT 250 MW PRIOR TO SHUTDOWN, RETURNED
TO 250 MW AT STARTUP.
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FIGURE 14

TRANSIENTS DURING AND AFTER AN 18 HOUR SHUTDOWN
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fffect of Iischa s!2ng Metal

When processed metal is discharged and replaced by fresh metal, the re-
activity of the discharged columns is increased by loss of xenon and fission
products, and by replenishment of U235 . It is diminished by loss of pro-
duct. These changes are taken int 2 2account in predicting the critical posi-
tion of the rods at startup.

The magnitude of these effects may be illustrated by data on a typical
push of 70 tubes after 18000 NW-days of operation of a 35-slug, 2004-tube pile.
The water temperature rise in these columns was 90% of the maximum for the pile,
and the push discharged 10% of the "neutron-effective xenon", i.e., 10% of the
poisoning effect was removed. For convenience in description, suppose that
the pile was shut down for 23 hours, the metal was discharged in zero time,
and the pile was immediately brought back to power. The reactivities associ-
ated with this operation are tabulated below:

Inhours Absorbed by Entire Pile

At Shutdown At Discharge At Startup

Product -481 -487 -438
2 35 360 360 325

Fission Products 27 27 24
Samarium 58 58 52

Subtotal -36 -42 -37

Xenon 520 300 270

Total 484 258 233

After shutdown, the xenon decayed to 300 inhours; removal of 10% of this
in the discharged metal brought the remaining effect down to 270 ih. The pro-
duct effect grew from 481 to 487 ih during the shutdown; discharge removed
10% of the total effect. The 9 2 U2 3 5 , fission products, and samarium remained
unchanged during the shutdown, but dropped after the discharge.

If xenon effects are excluded, as shown in the subtotals, the net effect
of the metal changes is quite small: -36 ih absorbed at shutdown, -42 ih
absorbed at discharge, and -37 ih at startup, for an overall change of only
1 inhour. (An absorption of -36 ih equals a contribution of +36 ih). The
reactivity change during an ordinary push therefore is strongly dominated by
the amount of xenon discharged.

Profits from Long-Term Gains-Flattening

Over the first 100 days of operation at 250 MW, the graphite contributes
about 100 inhours by boron burn-out and about 90 inhours by improvement of
the graphite coefficient, for a total gain of roughly 200 inbours. Over the
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SanD period, the mtal effects contribute about 50-inhours. After very long
periods of operation the boron effect is a contribution of about 300 inhours
and the graphite coefficient at least another 100 inhours.

This gain in reactivity may be turned to good account in either of two
ways:- (a) by using it to offset increased xenon poisoning at higher powers,
or (b) by using it to flatten the neutron distribution through the addition
of columns of P-dummies. The latter choice is made when the power output
of the hottest tube reaches the limits set by heat transfer and corrosion.
Flattening permits more tubes to operate at the maimum power, and hence
increases the power output obtainable with a given rise in water temperature.

A single colum of P-dummies absorbs about 70 inhours, so that six or
more columns, arranged in a suitable pattern, are required to offset the long-
term reactivity gain.

The gain in power output that is obtainable with increased flattening
may be obtained from Fig. 15. For example, if the hottest tube in the unit
is limited to a temperature rise of 400 C, the power output with zero flattening
cannot exceed 200 W. With 250 inhours cd flattening, a power output Df 275
W4 is obtainable with the same temperature rI en. Alternatively, the power may

be held constant while the flattening effect is used to reduce the maximum
water temperature. If, in the example citea above, the power output is held
at 200 M, the introduction of 250 inhours of flattening reduces the tempera-
ture rise to 290 0.

When poison columns are added to the unit, the graphite coefficient and
the graphite period tend to be reduced. This happens because the neutron
density is suddenly increased in the newly flattened portion of the pile,
where the thermal conductivity of the graphite has not been affected as greatly
as in the central zone. With continued operation, this temporary lose tends
to be overcome.

- 1330 -



HW-10475-SEC. B

COPY NO. 63SERIES C
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APPENDIX

THE POISON EQUATIONS

The reactivity absorbed by xenon poison at any time during operation at
a constant power level is calculated according to equations derived from the
general laws of radioactivity. These equations contain the following terms:

L c concentration of xenon expressed in inhours of actual poison.

M = concentration of iodine "mother" expressed in inhoura of ptential
poison, i.e., the increase in poison that would occur if all the
iodine were suddenly converted into xenon.

I = decay constant .f iodine, 0.1027 hr- -

X = decay constant of xenon, 0.0749 hr- DECLASSIFI1
a = fraction of xenon formed directly = 0.06

W = constant pile power in megawatts

F number of inhours of flattening introduced by poison columns in a
35 slug, 2004-tube pile

A = 4.23 (1 - 0.000625F) : 1110.2 B, where 1110.2 inhours is the
limiting xenon poison in an unflattenedpile operated at infinite
power

B 0.00381 (1 - 0.000625F), a constant which is in effect the
fractional increase in xenon decay produced by burn-out, per
megawatt of pile power. A and B appear in the equations as con-
stants for a pile with a given amount of flattening. These con-
stants depend on the xenon absorption cross section, the capture
and fission cross sections of uranium, the thermal utilization
of the lattice, the number of tubes and slugs, and the averaging
of the poison effect over the active lattice.

The rate of formation of iodine at any time is:

dM (1 - s) AXW - IM

(rate of formation by fissions) - (rate of natural decay)

The rate of formation of xenon poison at any time is:

at IM # sAXW - XL (1 + BW)

(rate of formation by iodine decay) + (rate of direct
formation from fission) - (rate of burn-out)
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The solutions of these equations, for a pile starting with Mo inhours
of iodine and L0 inhours of xenon, and operating for t hours at a steady power
level W, are:

M (1- )AXW (I e-It) f M46e-

L AW a-It1 -BW I -X( )

- + 0o- AW _(I - )AXW - MnI e-1 BW)Xt
IL _tBl I t ( BW)_

After the pile has run for several days at a steady level of W megawatts,the iodine and xenon approach steady values. These are:

Meaturated

katurated

(1_- ae)AXW

AW
1 . N

DECLASSIFIED
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HANFwRD ENGINE|R WCMKB TECHNICAL hIMvdAL

SECTION B - PIr!

CHAPTER XIV - TEST PILl

In the design of the prodUction piles obtainable reactivity was a
prime consideration. It was therefore necessary to protest from a
reactivity standpoint the graphite bars of which the pile matrix was
constructed and the uranium slugs used in loading the piles. The
testing of uranium slugs which replace those discharged from the -piles
is currently a part of the production routine.

The effect of various materials upon reactivity can beet be
determined by inserting them in a pile and observing directly how the
reactivity of the pile is changed by their presence. The test pile
was designed for this purpose* In its design, an effort was made to
eliminate any effects which would change its reactivity. In addition,
a1 routine testing is carried out with reference to standards and all
known reactivity changes are taken into account.

The present chapter describes
in carrying out routim tests.

Prepared August, 1946

the test pile and the methods used

DECAlSSIrIED
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go PURPOSE

PURPOSE OP THE PIIE

Uranium slugs prepared for use in the production piles vary by small
amounts in density, purity and dimensions. This causes their basic
reactivity to change from lot to lot. As a control test and in order to
foretell the effect of new slugs upon the reactivity of the production
piles, the finished slugs are tested in a test pile located In the 300 Area.

While the 100 Area piles were in the process of construction, this
test pile was also used to determine the effect on reactivity of the
various lots of graphite used.

The low power level at which this test pile operates (about 10 watts)
has allowed many simplifications of design as compared with production
piles. This simplification of design, together with the low level of
operation, has in turn eliminated, or reduced to insignificance, many of
the factors which change the reactivity of the large piles. Furthermore,
the tests are carried out by comparing the production pieces with
standards so that those small changes in reactivity which do take place
have a negligible effect on the results.

___________DECASlFED
CEERALMANME OF THE PILE - BUILDIG 305

Building 305 is designed to house the pile and its attendant
equipmant. The pile proper is located centrally in a large work area. It
consists of a graphite cube approximately 18 feet on an edge, surrounded
on all sides, except the bottom, by a concrete shield 5 feet thick. The
pile is equipped with 30 cbannels running completely through it in an
east-west direction into which material to be tested my be inserted.
The regular etal bearing cbannels run in the same direction.

The pile is equipped with a vertical safety rod, a vertical shot
tube, and three horizontal rods: a regulating, a shim and a safety rod,
all of which enter the pile at its south face.

A control room is located on the second floor level in the
southwest portion of the building with its north wall containing a large
glass window that gives a full view of the west face of the pile.

Test material is normally charged into the pile from its west face
and removed from the sam face by a reversal of the charging mechanism.

A table of physical dimensions and constants of the pile is
appended to this chapter.

- 1403 -
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GRAPHITE MATRIX

GRAPHITE MATRIX

The graphite moderator of the pile consists of some 14,000 graphiteblocks of varying length, each of which has a 4 1/4 inch square cross-section. The blocks are assembled in 51 horizontal layers to form anearly cubical graphite pile which is 18 feet wide, 18 feet high, and18 feet long. The blocks in each layer are laid in parallel stringers
rtuhing in an east-west direction with alternate layers shifted so thateach stringer rests on a portion of the two parallel stringers locatedimmediately below it. In the active portion of the pile, alternatestringers In alternate layers are drilled longitudinally along theircenter lines with holes 1.684 inches in diameter to accomodate theuranium metal slugs. The holes thus constitute a lattice on 8 1/2 inchcenteri filling a portion of the pile which is 15 feet 11 inches squarein cross-section. There are 520 holes in all.

Located within a 5 foot diameter core in the center of the pilethere are 10 metal bearing stringers which are removable and also 20removable stringers of solid graphite. Metal to be tested may be
inserted into the removable stringers while graphite is tested byreplacing one of the solid stringers with test pieces. The location of

- the removable stringers is shown In Figure 1.

Three grades of graphite designated as grades white, green and red,were used In the construction of the pile. Approximately 67 percent ofthe material in the pile is of the white grade and is located in theactive area; 20 percent is "green" located outside and around the
"white" region; part of the "green" section is in the area drilled toreceive metal slugs; the balance, with the 13 percent "red" material,
located outside and around the "green" material, forms a shell
(approximately 12 inches thick) for the drilled area. The three gradesof graphite are carried continuously through from charging to discharging
end of the pile with any one stringer containing only one type of material.

- METAL JL13D CL SIFE
Metal Slugs

The metal slugs loaded into the pile were cut from extruded rod
with an avezage diameter of 1.448 inches and an average length of8.25 inches. The average slugs weight is 9.20 pounds. These slugs are
not canned or jacketed since the low level of operation eliminated any
corrosion problem which might arise from an interaction of the metal
with the air.

S
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METAL IDAD

Loading Arrangenent

Each ,harged channel c ontains 20 metal slugs with graphite spacers
1 1/16 inches long between the slugs. The ends of each channel are filled
with graphite reflector plugs each of which is 15.3 inches long.

Of the 520 channels provided, only 292 are loaded with slugs. This
amounts to 53,730 pounds of metal. The load is roughly elliptical in cross-
section; the major axis of the ellipse is vertical. The actual channels
charged are shown in Figure 2. The pile has a free period of 19 seconds at
an air pressure of 760.0 mm of mercury. The critical size of the unit is
282 channels and the critical buckling is 121 ± 3 x 10- 6om- 2. The remain-
ing drilled stringers in the pile are empty; that is, the holes are not
plugged with graphite.

-CONTROL RODW
- DECLASS IFIED

Regulatin Rod

The pile has one regulating rod, one shim rod, a horizontal safety rod,
a vertical safety rod, and a vertical shot safety tube.

The regulating rod is of the sandwich type, approximately 18 feet long.
It consists of a cadmium strip, 1 3/4 inches wide by 0.020 inch thick,
mounted on a 1 3/4 inch by 3/8 inch mild steel bar and clamped down by a
1 3/4 inch by 1/4 inch plate. This assembly is bolted at one end to a 1 3/4
inch square driving rack. This rod is located on the north-south axis of
the pile at a distance of 5 feet 3 3/4 inches above the horizontal axis, or
in the forty-first graphite layer. It has a total travel within the pile
of 16 feet 10 inches and enters the pile through its south face. The
driving mechanism of the rack provides a selection of three speeds. These
speeds are-accomplished through a differential unit and two speed reducers
from three motors. Magnetic brakes are provided to prevent the motors from
overrunning after the current is out off. The high speed operation is for
emergency use and for this reason the high speed motor has been connected to
the scram circuit; the rod is driven in at high speed whenever this circuit
is tripped.

The regulating rod rack is provided with two limit switches, one at
each end of its extreme travel. These switches ac-tuate relays for do-ener-
gizing the driving motors; they also light indicators on the control board.
In the event the switches fail to function, definite stops for the rack have
been located beyond the limit switches. To prevent damage to the pile or
the rod mechanism in event of obstruction of the rod, a slip clutch has been
provided between the differential and the final drive of the rack. A Selsyn
position indicator, actuated directly from the rack by a separate pinion, is
provided to assure accurate indication of rod position. The back-lash of
this driving pinion is taken up by counterweighting the pinion shaft to
obtain metal to metal contact between the rack and pinion. The calibration
curve for the regulating rod is given in Figure 3.
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Shim

The shim rod consists of a mild steel bar 18 feet long; and 7/8 inch
by 1 3/4 inches in cross-section, bolted at one end to a I. 3/4 inch square
cioys&ction driving rack. Tis rod is located 1 foot 9 1/4 inches belcw
the hiIzntal mid-plane of the pile, in the twenty-first graphite layer;

'6AE tfeet 'toward the charging end, from the vertical transverse mid-plane
t pile. The rod has a total travel within the pile of 16 feet 10

kn'.Qp '.enters the pile from the south face. The drive for the rack is
entiely manual and consists of a pinion engaging the rack. This pinion
m'? be operated by a hand crank through a pair of sprockets and a roller
chain which provide a one to one speed ratio between the crank shaft and
the pinion. It may also be operated through a speed reduction system
which provides a 10.6 to 1 reduction between crank and pinion.

The shim rod rack is equipped with five individual and independent
mechanical hand operated stops. The framework of the rod guide carries
five spring loaded positioning pins which fit in holes drilled in the rod
rack. These pins can be inserted, or withdrawn, by means of handles
beneath the platform on which the rod is located. Lights on the control
board indicate the number of steps beyond which the rod has been withdrawn.
Stops have also been provided to prevent the rack from over-traveling at
either end.

aorizontal Safety Rod

The horizontal safety rod consists of a boron steel bar 26 feet long
and 1 inch by 1 3/4 inches in cross-section. This rod is located on the
same level as the shim rod and symmetrically opposite it. Thus, it is in
the twenty-first graphite layer, 1 foot 9 1/4 inches below the horizontal
qJpqof the pile and 2 feet toward the discharge end, from the north-pguth
gexer line of the pile. It has a total travel within the pile 1 1. ft
1Q 1pqhes and enters the pile from the south face. The rod is attacq to
; pulley-operated counterweight in such a way that it is normally puled
into ie pile by this weight. It in also equipped with a motor driven
flnch which is used to withdraw the rod from the pile. A limit switch is so

,dJu ted That when the safety rod reaches a predetermined "all-out" position
the wipch motor is automatically turned off. A solenoid operated brake is
energized by the same limit switch. This brake holds the motor shaft,

tainipg the "all-out" position against the pull of the counterweight.
8eween the motor shaft and the rod drive gearing is a magnetic, clutch;
idiaer noriaal operating conditions this is energized. However, when the
cafety circuit is tripped, this magnetic clutch is de-energized, allowing
the rod to re-enter the pile under the pull of the counterweight. The
brakes also operate to decelerate the rod during the final portion of its
travel into the pile. A stop is provided to prevent the rod from travel-
ing beyond its "all-out" position. Limit switches and lights on the
qMlrol board indicate the "all-in" and "all-out" position of the rod; a
third light shows when the rod is in an intermediate position.
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Vertical Safety Rad

The vertical safety rod consists of a boron steel rod 8 feet long and
1 1/2 inches in diameter suspended by a 1 inch steel cable. The cable is
carried ov-er a sheave to a winch and brake cotbination. This rod operates
in a vertical hole that is 12 3/ inches north ant 12 3A inches west of
the center of the pile, and which extends to a depth of 5 feet 1 5/8 inches
below the horizontal centerline of the pile. The rod will fall into the
pile under its own weight and can be removed by a motor driven winch whose
drive contains a menatic clutch and braking nohanism. This echanism
operates in the sam manoor as the equipment of the horizontal safety rod.

Vertical Shot Tube

The rjrtica.l shot safety tube is located sysatrically opposite to the
vertical safety rod being 12 3A inches south and 12 3A Inches toward the
discharge face from the center of the pile* It is a closed end aluminum
tube 17 feet long and 1 34 inches in diamter. Approimtely 14 feet of
the tube is in the pile; the remaining length of the tube and the shot
hopper are located in the top shield. The hopper is provided with 13,600
boron steel balls, 5/16 inch in diamster, which would fill the tube to a
depth of about 14 feet. The bottom of the hopper is fitted with a plug
that my be rem)ved msxmally from a handle on the control board by a
pulley and cable arrangemnt. Once the shot has been allowed to run into
the tube, it can be remved by means of a vacuum oleaning system which has
been supplied for the purpose.

SM3:LDUDECLASSIFIED

The pile is surrounded on the discharge face and on its two sides
by a solid concrete shield 5 feet thick. A solid oancrete pier, approx-
imately 6 feet wide and 12 3A feet high, extends &p the center of the
charging face. The top portion of this pier contains openings which give
access to the removable testing stringers of the pile. A solid concrete
beam, approximately 5 1/2 feet square in cross-section and running along
the north-south axis of the pile, connects the tops of the two aidewalls.
This beam contains the openings through which the vertical safety rod and
shot tube operate. Both the pier and beam have stepped edges to prevent
the escape of radiation.

The reminder of the front face and top, not covered by the solid
concrete, is covered by layero of concrete blocks. These blocks fit into
steps on the pier ani beam and also on the edges of the solid walls and
are laid in such a way that there are no joints which extend directly
through the wall. There are two layers of blocks on the front face and
three on top although the total thickness Is approximately 5 feet in
both oases.
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TEST CHANNELS

There are no provisions for charging or discharging the bulk of the
metal in the pile. The pile was charged prior to the laying of the front
face. Only the metal in the removable test stringers can be replaced
without removing the concrete shielding blocks.

TEST CHANNELS AND EQUIPMENT

Metal Bearing Stringers

There are thirty removable stringers located in a roughly cylindrical
region about 5 feet in diameter lying along the east-west center line of
the pile. Ten of the removable stringers normally contain metal slugs; the
other twenty consist of solid graphite.

Five 6f the metal bearing stringers are located in the fourth layer
above the central layer of the p3le. The other five metal bearing stringers
are located in the twenty-second layer, or four layers below the central
layer. In each layer the removable stringers are arranged symmetrically on
each side of the vertical center line of the pile. The central stringer in
each group lies on the center line; the other stringers are the first and
second metal bearing stringers on each side of it. Each stringer is re-
movable through a separate hole in the shield. These holes are numbered 1
through 5 for the upper set of stringers and 16 through 20 for the lower set.

Solid Graphite Stringers

The twenty solid graphite stringers are arranged symmetrically about
the center of the pile. Eight of these stringers are located in layer 27,
next above the central layer; eight in layer 25, two in layer 29, and two
in layer 23. The twenty solid graphite stringers are served by ten
separate openings in the shield; these openings are numbered 6 through 15
inclusive. The location of the various stringers is shown in Figure 1.

Oharging Machine

The various removable stringers are manipulated by a charging machine,
located on the front face; and a receiving' machine located on the rear face.
The charging machine is equipped with a device for moving the stringers in
and out of the pile. This device is actuated through roller chains by a
double acting hydraulic piston. Both charging and receiving machines can be
raised cr lowered to the levels of the various stringers by means of motor
operated screw jacks. The charging and receiving machines have been
designed with operating platforms large enough for access to all of the
twenty stringer openings but the machines mechanically serve only the
central eight holes; that is, the six metal bearing stringers which are
nearest the center line and the two quadruple width openings which serve the
solid graphite stringers. -The charging and discharging of the remaining
openings, if they are used, must be done by hand or by some portable
mechanism designed when the need arises.
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CORMOL AND INSTEUMrTATION

In routine testing, the charging machine is arranged so that it pushes
te mo tal bearing stringer into the pile and also retracts it so that all
work may be done from the front face, For special teats, or in an emrgency,
the stringers =ay be pushed completely through the pile and out onto the
receiving machine platform at the rear of the pile.

CONTROL AND INMWRNTATON

Galvanon term

The level of activity of the pile is measured by two galvanometers andthe output of a Beckman anplifier. The safety circuit is actuated by twoBockman amplifiers. The position of the regulating rod is indicated by aSeloyn motor system. All of these instruments, together with the switchesnecessary for operation of the rods, are arranged on a single control board.

The operator normally controls the level of the pile by reference tothe two galvanomters. One is a direct reading galvanometer (No. 1) whichmeasures the gross level of activity in the pile. The other is a differen-tial galvanometer (No. 2) and it masures small changes in the level ofactivity. Each of these galvanometers is fed from a parallel connected setof five ion chambers. The No. 1 galvanometer measures the ion currentwithout amplification. The No. 2 galvanomter circuit is provided with asource of e.m.f. which can be made to nullify the ion current, producingthereby, at any desired power level, a null reading. Thus, if once set toa certain null reading, any change in level of activity will be indicatedby a deflection of the Salvanometer. In order that these galvanomatera maybe used over a wide range of intensity levels, each in equipped with anAyrton shunt. A Ieeds and Northrup Type K potentiometer is used to supplythe bucking e.m.f. for the No. 2 galvanometer.

Beckman System

The Beckman system consists of three Beckman amplifiers, one L and NMicromax recorder, and three ion chambers. One of the Beckimn instruments,with its ion chamber, is used as an anxiliary level indicator to thegalvanomters, it is aonneoted to the Micromax recorder. The other Becoemnsare used to operate the safety system. Each of these Beckmans is equippedwith a relay, which can be met to trip at any position of the dial scale.When this relay trips, it interrupts the circuits that hold out the horizon-tal and vertical safety rods, and permits them to move into the unit.Tripping of the relays also causes high speed inward travel of the regulatingrod. One of the two Beakmans is set at the top safe limit of activity of thepile; the second Beckman is set to trip at a level somwhat lower than thetrip point of the first Beckman.
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Other Instruments

A thermocouple is provided to measure the temperature of the graphite
near the center of the unit.

A sensitive aneroid barometer has been provided for indicating atmos-
pheric pressure changes within the test pile building. A mercury barometer
is used to standardize the aneroid barometer.

TEST PROCEDUE

Metal Slug Testing

The testing of fabricated slugs in the pile is performed once each week
at which time several lots of production are tested. A "lot" consists of
the canned slugs from one canning pot of one shift. Each canned slug is
marked with the type of bare slug it contains, its canning pot, and the can-
ning date. Twenty-four pieces, approximately 5% sample of the lot, are
selected at random from each lot for testing. The metal testing stringer
will hold eleven canned slugs or twelve bare slugs. Two measurements are
made on each lot. Testing is on a comparative basis; a standard of eleven
canned slugs has been chosen and test results on all lots are compared with
the results on these canned standard slugs. A set_ of uncanned slugs has
also been prepared for use as a standard. Comparison of the two standards
provides a ~check on the condition of the unit and of the standards
themselves.

In the test procedure the initial sample inserted in the stringer is
composed of the canned standard slugs. These are also tested after every
ten test samples have been run, to insure that the unit has not changed
during testing. With the stringer of eleven pieces under test inserted
into the pile, the control rod is moved into a position estimated to be
the critical position for these test pieces at the existing conditions.
The difference in inhours between the critical rod position and a standard
position of 119 inches is read from a table prepared from the rod calibra-
tion curve shown in Figure 3. Since it is difficult to estimate the exact
rod critical position, the No. 2 differential galvanometer will drift.
This drift is measured for three minutes and its magnitude is converted to
a difference in inhours by the factor of 0.003 inhours per millimeter of
drift in the three minutes. Any change in the barometric pressure must also
be converted into its effect on the critical rod position. A coefficient of
0.219 inhours per millimeter of mercury is used. Because this change is
linear the rod position is only corrected for the change in atmospheric
pressure from the time the first test on the canned standards is made. At
that time the aneroid barometer at the control desk is set at zero; changes
from zero are observed at the middle of each test on a stringer of metal
and converted to equivalent inhours. A blanket correction back to 760 mm
of mercury pressure could be made, but since test- results are in terms of
differences from the canned standards, this correction would cancel out.
The rod positions are referred to the standard of 119 inches because the
correction is not linear,
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After a drift has been taken, there are three corrections to be summed
algebraically. A second drift on every stringer is always taken as a check.
For this drift, the rod is so positioned that the drift is in the opposite
direction from the first. The total inhours must -check within 0.02 inhours
or a third drift measurement is necessary. From the average of the two
inhours values is then subtracted the average inhours of the tests on the
canned standards and the difference is the desired test result and is
expressed in d(1h). The same procedure is followed for all lots to be
tested.

From each lot there will be two test results in terms of d(ih). These
results will vary in magnitude from other lots primarily because of weight
differences of the bare metal slugs and difference in the amount of absorb-
ing impurities present in the various canned slugs. The two test results
of a lot are compared with past test results for that type of canned slug.
The slugs are classed as to type according to their weight. Since there
are normal -variations in test results that can be attributed to canning
techniques and material, to the selection of a representative sample, and
to small variations in the test pile itself, a set of statistical limits
have been set up within which the test results should fall. If the limits
are exceeded a retest, or resample, or both, is made and if the limits are
still exceeded investigation for cause is made. It is then possible to
convert the test results in the pile to their behavior in the 100 Area pile,
completely filled with that type of material, by means of the conversion,

A k4 (in 105) = 0.41 dih (in 305).

Example: The following example illustrates handling of the test
measurement.

Control Rod Atmos.
Rod 3 min. Position Pressure Drift

Lot Position Drift ih ih ih _ ihh di

5-2-1-MZ-H 114.9t 17 mm - 3.78 - 0.08 0.05 -3.81
-3.81

115.0" -12 mm - 3.69 - 0.08 -0.04 -3.81 -0.25

Under the column "Lot", the test can be identified as being on MZ
material canned on May 2, 1946, in canning Pot H. The control rod was set
at 114.9 and 115.0 inches. The correction to the standard of f19 inches is
- 3.78 inhours and - 3.69 inhours, respectively. The two three-minute
drifts were 17 mm to the right, and 12 mm to the left, which in inhour
equivalents are 17 (0.003) or 0.05 inhours, and - 12(0.003) or - 0.04
inhours. In both cases the sum of the inhour values is - 3.81. Since the
tests on tte canned standards give an inhour value of 3.56, the dih for
this lot is - 0.25 inhours.
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Graphite Testing

In this section is described the method of testing graphite. This
procedure was followed in the testing of graphite for the construction of
the 100 Area piles.

Graphite testing is essentially similar to metal testing in that
differences in reactivity absorption are measured. A sample consists of
two bars of graphite (4 3/16" x 4 3/16" x 48") inserted in the graphite
testing stringer. During the testing of the graphite for the production
piles two standard bars were selected for comparison purposes to represent
average quality of Gulf-Cleves graphite. Before testing, the density of
the test pIeces was determined. With the stringer-inserted the control
rod was placed at approximate critical position for the sample. A three-
minute drift of the No. 2 differential galvanometer was measured, as was
the change in atmospheric pressure since the standard bars were first
tested. From the coefficients given above, it was possible to calculate
the equivalent inhours for rod position, drift and pressure. The differ-
ence in de'nsity between the test pieces and the standard pieces was
converted into inhours from the coefficient 3.72 ih/gram/cm3. The inhours
at the true critical rod position for the sample was obtained by the
algebraic sum of the four values calculated. The difference between this
result and the result obtained in testing the standard pieces was expressed
in d(ih).

It is often desirable to convert the inhours difference (dih) into a
cliange in cross-section units (cm2) and to express this as a percentage
difference in total cross-section. This conversion is obtained by deter-

mining the inhour change resulting from the addition of cadmium wires of

known absorption cross-section. From the coefficient of cross-section
change per inhour change, so determined- and from the measured cross-section
of the graphite bars the conversion factor of - 17.2 6, % per inhour change
has been obtained.

The allocation of the graphite heats as to their reactivity quality for
the 100 Area piles depended on the effect of the graphite on the reproduc-
tion factor (k) and was expressed by the value A k%. Both cross-section
(purity) and density was considered. A standard heat (#B-11 of OS material,
200 bars) was tested and the average density of 1.640 grams/cc and to % of

- 0.43 were used as a base. The A k% for each heat was then computed from

the following coefficients:

A k% = (d - 1.640) (1.5) - (0.11)( A,% + 0.43)

where d is the density of the graphite in question.

U gtStIVUli
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TEST PILS CONSTANTS

TEST PIM CONSTANT

Diensions of Graphite Block

Lattice Spacing:

NMaber of Loaded Column

Diameter of Slugs

Length of Slugs

Weight of Slugs

TMhaer of _Slugs per Columm

Total weight of atal

Critical buckling

Tater of loaded channle at critical

fre, period at 760.0 ma pressure

krift coefficient No. 2 galvanomter

Baromtrio coefficient

Conversion to 105 pils for metal

18' 3/4" z 18' 3/" x 18'

8 1/2 inches

292

1.448 inches

8.25 inches

9.20 lbs.

20

53,730 lbs.

121 !3 x 10 6od-

282

19 seconds

i a in 3 minutes 0.003 ih

0.219 i/m hg

&k% (in 10,) - 0.41.aih (in 305)
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Absorption, 804
alpha particle, 804
beta particle, 804
gamma ray, 806
photoelectric, 806
neutron, 807

Acceleration atomic projectiles, 106
Accounting system, 905
Activated alumina adsorbers, 1020, 1
Active slugs- 409
Activity, 116, 211

decay of, 116, 211, 1118, 1128
growth of, 117, 211
control of, 212.
of slugs, 903

Alarms, 625 -
Alpha particle, 106, 803

ionization by, 123
emitted, 113
penetrating power, 803
shields for, 803
absorption, 804

Aluminum dummies, 1208
Aluminum tubes, 1208
Annunciator circuits, 731 -

Area of site, 303
Arrangement of pile, 1403
.Atomic energy, 119
Atomic number, 103

table of, 126
Atomic theory, 103
Atomic weight

table of, -126
Auxiliary equipment, 1001
Barometer, 1410
Batch size, 1120
Beckman system, 1409
Bessel function, 1106
Beta particli, 109, 803

emission of, 121 _
ionization by, 124
penetrating power, 803
shields for, 803
absorption, 804

BF3 counter, 708
Biological shield, 418, 815
Bismuth slugs, 1208
Boilers, 1030
Borax solution, 616
Boron burning, 1311
Bowing, 1113, 1117

025
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Bremsstrahlung, 806SSIFI
Buckets, 909
Burnout

Boron, -1311
Xenon, 1307

By-products, 205, 301
fission fragments, 205
heat, 205

Carbon, 814
Carbon dioxide, 1205
Chain-reacting pile, 208
Chain reaction, 208

requirenents of, 208
pile, 2o8
balanc- in, 208

Charcoal adsorbers, 1020, 1025
Charging, 1203

machine, 903, 906, 1408
procedure, 903, 916
elevator, 903, 906
.patteri, 903, 904

Chemical addition, 1014
Cifrculatio-n of helium, 518
Coating failure, 1204
Collision, neutron

elastic, 111
inelastic, 112

Columbia River temperatures, 514
Coiiunication systems, 722
Concentration in metal, 1121
Constants of pile, 1413
Contamination, 815
Control and instrumentation, 1409
Control and safety rods, 1405
Controls, 607

method, 603
principles, 603

- use of, 621 -

Control paints, 703
Control rods, 211, 419, 709, 812, 1208

composition of, 211
effect on neutron distribution, 214
use of, 214
effectiveness, 619
shieldIng, 819

Control room, 703
Cooling pfbvisions

during shutdown, 516
during emergencies, 518

Coaling tubes, 409, 508
need for, 403



Cooling tubes (con't.)
construction, 409
function, 409

Cooling water
instruments, 712
conduits, 826

Corrosion of tubes, 518
Counter tube, Geiger-Mueller, 124
Critical position, 215
Cross section, 110, 205

neutron capture, 113
table of, 126

Curie, 117
Cylindrical loading, 1106
Danger coefficient, 213
Dangers of process, 301
De-Acidite, 1009
Deaerating equipment, 1003, 1009
Decay curve, 116

equation for, 117
Decay of activity, 1118, 1128
Decomposition products, 523
Delayed neutrons, 123, 213, 604

source Jt, 213
activity of, 213
effect on period of, 216

Demineralization plant, 1003, 1007
Depletion of 25, 1315
Designation of areas, 30
Destruction of product, 1105
Detection of particles, 123
Deuteron, 106
Dimpling, 1113, 1115
Discharge fixtures, 909
Discharge water system, 513
Discharged slugs, 903
Discharging 1206

area, 824a
chutes, 909
schedule, 916, 1123, 1329

Disintegration energy, 107
Distribution of heat, 503
Dosage measurement, 723
Drive mechanism, 612, 614
Drop safety rods, 614, 1205

construction, 614
function, 614
operation, 615
shielding, 615
special plugs, 615

DTumy slugs, 414, 814, 903, 904, 1207
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Effect of delayed neutrons, 604
Effectiveness of materials, 808
Effectiveness of rode, 619
Electron, 103, 109, 121, 124
Electron orbits, 104
Electron volt, 107
Electroscope, Lauritsen, 124
Elements, isotopes of, 104

table of, 126
Elevators, 906
Emergency shutdown, 623
Energy, 107, 205

units, 107
mass equivalence, 107
lose by neutrons, 111

-- fission, 122
source of, 205
disposition of, 205
of radiations, 810

Equipment provisions, 306
Excess Ilk", 603
Excess multiplication factor, 209

relation to inhours, 209
- variation with period, 215

Exit water, 1204
Experimental holes, 824, 1210
Fast fission, 206
Filter plant, 1003, 1007
Fire in metal, 1207
Fission, 119, 205

fragments, 120
energF release, 121

- delayed neutrons, 123
products, 205
neutron source, 204
product poisoning, 1316
fast, 206

Fission of product, 1105
Fission products, 205

range of, 205
Flattening, 1109

methods, 1113
limitation of methods, 1113

Flow of water, 903
Flow measurement, 716
Forces, atomic and nuclear, 105
Formation of product, 1103
Foundation of pile, 404
Full power operation, 1204
Functions of instrumentB, 703
Galvanometers, 707
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Galvanometers- (305 Pile), 1409
Gamma radiation from metal, 1203
Gamma rays, -112-,- 116, 218, 803

ionization by, 124
penetrating power, 803
shields for, 803
absorption, 806
scattering, 808

Gases evolved in shields, 523
Geiger counter, 124
Graphite, 206, 404

heat developed in, 503
Matrix, 1404
period, 1305, 1314
power coefficient, 1304, 1314
stringers, 1404
testing, 1412

Growth of product, 1311, 1315
Half-life, 116
Hazards, radiation, 814a
Heat, 205

amount of, 205
removal of, 205
liberztion, 409, 1103
transfer, 409
development; 503
distribution, 503, 1109
quantities, 503
removal by water, 514
transfer rate, 515
removal by helium, 522

Helium
system, 418, 518, 721, 812, 1016
advantages, 504
atmosphere, 504
effect on "k", 504
circulation system, 518, 1018, 1021
heat removal by, 522
shielding, 827
properties, 1017
storage facilities, 1018, 1021
drying unitff, 1020, 1023
purification units, 1020, 1023
controls, 2027a
purging, 1027a
radiation hazards, 1027b
leakage, 1205

Horizontal safety rod, 1406
Hose lines, lfb5
Ideal neutron distribution, 1112
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Induced adivities, 808
Ingestion, 814a
Inhalation 814a
Inhours, 215, 604
Inlet water panel, 712
Inspection, 1205
Instrumentation, 1409
Instruments, 814, 1209
Iodine, 1307
Ion chamber, 707

tunnels, 824a, 1209
Ionization, 123
Irreversible flattening methods, 1114
Isotopes, 104
Jackets for slugs, 403
"k", 209, 603
"ke", 6 0 3 -
Lattice, 404

requirements of, 209
need for, 403

Layout of plant area, 303
Lead dummy, 1208
>-7 kage, neutron, 209, 408
Leaks in tUbes, 522
Libaration-of heat, 1103
Life cycle of neutrons, 1103
Loading arrangement, 1405
Loa-ding of pile, 1106
Loading pattern, 414
Location of plant, 303
Long term-changes, 1311, 1316
Long term flattening, 1329
Lubricatio-n, 904, 906, 916
Main control panel, 703
Mass energy relationship, 107
Mass number, 103
Mathematical examples, 605
Mattress, 909
Metal

heat developed in, 503
dust, 1203
fabrication, 1203
storage, 1203

-power coefficient, 1303
Metal bearing stringers, 1408
Metal load, 1404
Metal pieces, 1408
Metal slug testing, 1410
Mev, 108 _
Miscellaneous control panel, 715

DECLASSIFlEDsow



HW-10475-SEC, B

CdPY NO.. 63 SERIES C

SECTION B - INDEX

(Continued 4)

Monitoring, 827
Multiplication factor, 209, 603
Necessity for-shielding, 803
Neptunium, 203
Neutron, 103,-110, 804

reactions of, 110
slowing down, 1:1l
slow vs. fast, 111
moderation of, 206, 208
absorption of, 114, 807
delayed, 123
ionization by, 124
capture cross section, 126
capture of, 204
loss of, 208
balance of, in pile, 208
multiplication of, 209
generation of, 209
life cycle, 1103
distribution of, 213
leakage, 408
density, 703
shields fo-r, 804
penetrating power, 804

Normal shutdown, 623
Nuclear parti-les, 103, 109

detection of, 124
Nuclear reactions, types of, 109
Nucleus, 103

size of, 105
stability of, 105, 116
liquid drop model, 119

Numbering of tubes, 905
Oil drain system, 909
Operating variables, 1118
Operating effects, 1316
Operation, 621, 1203

typical, 1119
Orifice zoning, 1110
Outlet water rstem, 513
Ownership of site, 303
Pair formatiot, 124
Pair production, 806
Parasitic capture, 208
P-columns, 1326
Period, 215, 603

relation of reactivity to, 215
relation of irihour to, 215

Periscopes, 913
Photoelectric absorption, 806

Photon, 803 -
scattering, 808

Physiological effects,
Pile, 211, 810'

description of, 211
neutron balance in,
operation, 621
temperatures, 722
radiation f:-om, 810
metal, 811
shielding, 815
shutdown, 903

Plutonium, 203
Poisoning, 213 7

methods, 1113
Poison equations, 1332
Poison slugs, 414, 907,
Positron, 116 -
Power

81o
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supply, 306
source, 1001-
plant, 1029 -
equipment, 1030

Power change effects, 1317
Power coefficients

Metal, 1303 -
Graphite, 1304, 1314

Power level, 213
change of, 215

Power output, 703, 1104, 1109
measurement of, 703
control of, 106

Pressure
limitations, 513
monitoring, 516, 718
measurement, 718
gauges, 718

Principles
of control, 603
of shielding, 804

Processed metal, 1206
Product, 203, 1103

formation, 1103
destruction, 1105
fission of, 1105
distribution, 1106
concentration, 1120

Production time, 1123
Production unit requirements, 403
Protection, 218
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Proton, 103 -

ionization by, 123
Purpose of pile, 1403
Pushing concentation, 1120
Quanta, 803

scattering, 808
Quantity of water, 1109
Radiation, 217--

forms of, 217
absorption of, 217
hazards, 723, 814a
paths, 804
safe limits, 809
tolerance, 809
sources, 81Q-
dosages, 1028

Radiation fission, 123
Radiation from

pile, 810
pile metal,-810
radium, 810-
cooling water, 811
control rods, 812 _
helium, 812
carbon, 814
dummy slugs 814
shield plugs-, 814
test samples, 814
water tubes; 813
instruments; 814

-Radioactive deday, 116
curve, 116
expression for, 117

Radioactive series, 119
fission chaLh, 121

Radioactivity, 116
of gases, .573

Radium equivalent, 218
Ranges, particle, 123
Reactions, nuclear, 106, 203

types of, 109 -
fission, 203
product formation, 203

Reactivity, 208
meaning of,208
change causes 1303

Reflector, 211, 408
action, 408
construction, 408
cooling of, 416

Refrigeration-equipment, 1006, 1011
Refrigeratfi -of water, 1110
Regulating rod, 214, 607, 711, 1208, 1405

excess k and, 214
effectiveness of, 215
construction, 607
function, 607
a-ctivity in, 612
drive mechanism, 612
shielding, 612

Requirements of site, 301
Reservoir, 10016
Resonance capture, 115
Retention basin, 1016
Reversible methods,1114
Rise in power: 1324
River jump house, 1006
Rod

calibration, 215
room, 612, 1205
effectiveness, 619

Routine operation,- 1203
Safe radiation limits, 809
Safety

rods, 214, 614, 709, 1205, 1208, i406
circuits, 728

Samarium poisoning, 1315
Sample rooms, 826

ScalPs, 913
Scattering, 808
Scrams, 1319 -

Selsyt indicators, 711
Separation pr3-ess activities, 1131
Shield, 815

heat developed in, 503
cooling, 513
material effectiveness, 808
plugs, 814
thermal, 815 -

monitoring, 827
biological, 815

Shielding, 218, 416, 1407
Shielding of

pile, 815
water tubes, 817
control rods, 819
safety rods, 819
discharge area, 824a
experimentsl holes, 824
ion chamber tunnels, 824a
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Shielding of (con't.)
helium system, 827

Shim rod, 214, 612, 710, 1205, 1208,
14o6 -
function, 614 -

drive., 614
Short term changes, 1303
Shot tube, 1403 -
Shutdown, 623, 9f03, 1205, 1319

circuits, 7281-
Size of slugs, 403 -
Slowing downradiation, 806
Slow neutron, 112, 4W8
Slugs

activity, 903:
transfer of, 903
sorting of, 903

Sltgisize, 403 _
Softeners, 1008 _

Solid graphite stringers, 1408
- Sources of radiation, 810
Special instruments, 1209
Special .operation, 1207
Special slug, 1207
Start-up, 621, 1204
Steam

distribution, 1031
requirements, 1029

Storage
of metal, 1203, 1206

Storage basin, 903, 913
Stripping, 1113,-1118
Tabulations -

ev equivalent- 108
atomic number, 126
atomic weight, 126
cross section, 126

-Table of constats, 1413
Temperature -

coefficient, -212
limitations, 313
of water, 514, 1110
monitoring, 516, 712
of helium, 522
measurement, 712

Test channels, 1408
Test procedure, 1410
Test samples, 8114
Thermocouple, 1410

Thermal neutrons, 408
- Thermal shield, 416, 815
Thinning, 1118
Third safety device, 616 _
Time required for production, 1123
Tolerance limits, 809
Transfer cask,- 1206
True period, 604
Tube

corrosion, 518
replacement, 1208

Types of hazatds, 814a
Typical area, 306

.Typography, 303
Uniform poiso ning, 1113
Uranium, 203

isotopss of, 203
Ventilation, 1026
Vertical safety rod, 1407
Vertical shot tube, 1407
Water

requirements, 301, 504
supply, 306_
temperature, 409, 314, 1110
velocity, 409
advantages-of system, 304
system, 504, 1014
equipment, 505
quantity, 1110
temperature limitations, 513
temperature monitoring, 516
pressure monitoring, 516
tubes, 813
demineraliization, 1007

- filters, i007
deaeration, 1009
distribution, 1014
pumps, 1014
storage tanks, 1014
flow rate, -1110
pressure, 1110
refrigeration of, 1110
loss from tube, 1203

Xenon poisoning, 1305
Yokes, 909
Zeo-Karb, 10i4

22- -

SIFIED
-



INTRODUCTION

DECLICFE
-S-i.

HANFORD ENGINEER WORKS TCHNICAL MANUAL

SECTION C - SMPARATIONS

The ranium metal, as discharged from the piles in the 100 Areas,contains the alpha emitting product, plutonium, in concentration inthe neighborhood of 150 - 250 grams per metric ton, along with similar
amounts of beta and gamma fission elements. It is the purpose of the
Separations Plant to effect the separation of this product from theuranium iptal and fission elements, and to prepare a concentrated,
relatively pure solution of plutonium nitrate as the fin'l, product ofthe Hanford Plant.

this section of the manual discusses the chemistry of the separa-tions process, describes the buildings and equipment provided for carry-ing out the various steps in the -operation, and predents the detiiledoperating procedures used. There are included, in many instances,.--ref-
erences tp other documents presenting a more detailed view of a specificpoint in the process.

The material included in this section was prepared between Apriland November, 1.945. Some discrepancies may be found due to the differ-ences in viewpoint and process at the times of preparation of the vari-ous chapters. Material revised subsequent to November 1945 is indicatedby the letter R with the date in the lower left hand corner of the page.Where a new page has been added the letter I is used with the date.
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CHApT - -Dfm~n om ca BAsIS Ro T e SPAATIONS PROCESS

Since man of the concepts employed in the REnford process are relatively
new, there are given In this Chapter brief summries of the technical rela-tionships of the process. These include basic nuclear physics, the pile rea-actions, radioactivity, shielding, basic chemistry of the materials employed,etc. A brief summary of the separations process i tiven also.
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Atomic Structure PDEC SSIFIED
According to the current conception of atomic structure, the atom con-

sists of neutrons, protons, and electrons. The neutrons and protons form an
assemblage called the nucleus around -which the electrons move in orbits deter-
mined by electrical forces. Schematic drawings of the structure of severalatoms, indicating the components of the nucleus and the orbital paths of the
electrons are Shown in Figure 1.

The weight of a neutron is very nearly equal to that of a proton, each
having essentially unit weight in the atomic scale. In comparison, the weightof an electron is almost negligible, being only 1/1840 that of a proton orneutron. Each proton carries one positive charge and each electron one nega-tive charge. Neutrons are electrically neutral. The electrical attraction
between the positively charged protons of the nucleus and the negatively chargedelectrons of the orbits holds the atom together.

The forces which act between the orbital electrons and the nucleus are thefamiliar electrical forces of attraction between unlike charges and repulsionbetween like charges. This type of force does not, however, explain the cohe-siveness of a nucleus which contains a number of positively charged massiveprotons, ina volume only 10-12 times as large as the volume of the entireatom. These nuclei are held together by forces which are peculiar to nuclei;strong attractive forces exist between similarly charged protons, betweenelectrically neutral neutrons, and between neutrons and protons within thenuclear volum.

The diameter of an atom is approximately 10,000 times as great as thediameter of its nucleus. Because of this fact and the extreme smallness ofthe electrons, it is obvious that an atom is mostly empty space with minuteelectrons revolving about an extremely dense nucleus. It might be noted that.the atomic diameter of the common isotope of uranium (atomic weight 238) isapproximately 10-8 centimeters and the nuclear diameter approximately 10-12
centimeters.

The nucleas is characterized by the atomic number and mass number. Theatomic number, Z, is a direct expression of the number of positive chargesin the nucleus and is therefore equal to the number of protons. The massnumber, A, is numerically equal to the total number of particles in the nu-cleus, that is, the sum of the neutrons plus protons. The absolute mass, M,of an atom is very nearly equal to the mass number.

The number of electrons in a neutral atom determines the chemical prop-erties of the element. Because the number of protons is equal to the numberof electrons, one may say also that the number of protons in the nucleusdetermines the chemical properties of the element. It is possible to havedifferent numbers of associated neutrons and therefore different absolute
masses, M1, ii atoms of the same element. These different species of the same
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element are called isotopes. The atomic weight, W, of a given element is de-
pendent on the relative abundance of its different isotopes. The mass numbers
and relative abundance of the known naturally-occurring isotopes are giver. in
Table I. The atomic weight of an element may be precisely calculated if the
relative abundance and absolute mass, M, or each isotope is known.

Since the number of protons in various isotopes of a given element are
exactly the same, the chemical properties of isotopes are identical. There-
fore, they cannot be separated by ordinary chemical methods but only by pro-
cedures which take advantage of the difference in physicali properties due to
difference in absolute mass of the atoms.

S
Artificial Transmutation

Nucler reactions which change the atomic number, that is the number of
protons in-the nucleus, actually convert one element into another. Such
changes can be accomplished by bombarding the nucleus with suitable projec-
tiles such as neutrons, protons, deuterons and alpha particles. A deuteron
is the nucleus of the heavy hydrogen atom containing one neutron and one
proton. An alpha particle is the nucleus of a helium atom containing two
neutrons arid two protons. With the exception of neutrons, all of the afore-
mentioned projectiles are positively charged, and tend to be repelled by the
positively charged protons of the nucleus at which they are aimed. There-
fore, it is difficult to introduce them into the nucleus unless they are
moving at extremely high velocities and with great kinetic energy. However,
most "atom smashers" such as the cyclotron are based on the principle of im-
parting extremely high velocities to these positively charged particles and
using them as projectiles to enter the nucleus by impact.

Also, it has been found that neutrons are very effdctive in entering
nuclei. This is due to the fact that they carry no free electric charge and
consequently are not repelled by the positively charged protons of the nuclei
with which they come in contact. As a result it is not necessary that the
neutrons be at a high velocity. In fact, it is essential in the present
application that they have an extremely low velocity.

Tpes of Nuclear Reactions

The mnst important types of nuclear reactions involving neutrons are the
following:

a) Impact without capture of the incident neutron.

1) Elastic impact, with no emission of particles or radiations.

2) Inelastic impact accompanied by emission of a radiation
called gamma rays. These rays are somewhat similar to
I-rays and are emitted by the excited nucleus as a means
of disposing of the energy acquired in the collision.
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TABLE I

UE )BDT so E DECLASSIFIEDMWSN~qBER IANDABUDANE F IOTOESOCCURRING IN NATURE

lenswnt

Neutron n
Hydrogen H
Helium He
Lithium Li
Beryllium Be
Boron B
Carbon C
Nitrogen, N
Oxygen 0
Fluorine F
Mon - Noe
Sodium Na
Magnesium Mg
Aluminum Al
silicon Se
Phosphorue P
Sulfur S
Chlorine 01
Argon A
Potasaum K
Calcium Ca
Scandium So
Titanium Ti
Vanadium v
Chromium Or
Manganese Mn
Iron Fe
Cobalt Co
Nickel Ni
Copper Cu
Zinc Zn
Gallium Ca
Germnism Go
Arsenio As
Selenium so
Bromine Br
Krypton Kr
Rubidium Rb
strontium Sr
Yttrium - y
zirconium- Zr
Columtium Ch
Molybdenium Me
Masurium Ma
Ruthenium Ru
Rhodium Rh

A (percent abundance)

1(99.98), 2(0.02)
3(10-;'), 4(~100)
6(7.5), 7(92.5)
9(100)
10(18.4), 1(81.5)
12(98.9), 13(1.1)
14(99.62), 15(0.38)
16(99.757), 17(0.039), 18(0.204)
19(100)
20(90.00), 21(0.27), 22(9.73)
23(100)
24(77.4), 25(J-1.5), 26(11.1)
27(100)
28(89.6), 29(6.2), 30(4.2)

32(95.1), 33(O.74), 34(4.2), 36(0.016)
35(75.4) 37(24.6)
36(0.307), 38(0.o6i) 40(99.632)
39(93.38), 40(4x-m 54 41(6.61)
40(96.96), 42(o.64), (3(0.15), 44(2.06), 46(0.0033), 48(0.19)
45 (100) -
46 7.95), 47(7.75), 48(73.45), 49(5.51), 50(5.34)
51 100)
50(4.49), 52(83.78), 53(9.43), 54(2.30)
55(100)
54(6.04), 56(91.57), 57(2.f1), 58(0.28)
59(100) - -

58(67.4), 6o(26.7), 61(1.2), 62(3.8), 64(088)
63o70-13), 65(29.87)
64(6.2), 66(27.3 67(3.9), 6B(17.4), 70(0.5)
69(61.2), 71038.8)
70 21.2), 72(27.3), 73(7.9), 74(37.1), 76(6.5)
75 100)
74 0.9), 76(9.5) 77(8.3), 78(24,0), 80(48.0), 82(9.3)
79(50.6), 81(49.4)
78(0.35 80(2.01), 82(11.53), 84(57.11), 86(17.47)
85(72.8, 87(27.2)
84(0.56), 8~6(9.86), 87(7.02), 88(82.56)
89(100)
20(48), 91(11.5), 92(22), 94(17), 96(1.5)
93(100)
92(14.9),94(9.4),95(16.1),96(16.6),97(9.65,),98(24.1),100(9.25)

Atomic
Weight

1-.~0080
4.003
6;940
9.02

10.82
12.01
14.008
16.COO
19.000
20.183
22.997
24.32
26.97
28.0:6
ao.98
:r2. o6-
35.457
39.~944

-39.096
40.08
45.1o
47-90
50.95
52.01
54.93
55.85
58.94
58.69
63.57

69.72
72.60
74.S1
78.96
79 916
83.7
85.48
87-63
88.92
91.2Q
92.91
95.95

z

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

-16
17
18
19
20
21
22
23
,24
25
26
27
28
29
30
3X.
32
35

35
- 36

37
38
39
40
41

* 4243

.45
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: DCLSSIFIE
A(Percent abundance) -Elenent

Palladium
Silver
Cadmium
Indium
Tin

Antimony
Tellurium
Iodine
Xenon

Caosium
Barium
Lanthanum
Cerium
Praseodymium
Noodymium
samarium
Europium
Gadolinium.
Terbium
Dyaprosium
Holmium
Erbium
Thulium
Ytterbium.
Lateojum.
Hafnium
Tantalum
Tungsten
Rhenium
Osmium
Iridium
Platinum
Gold
Mercury
Th.llum
lead
Biautth
Polonium
Alabamine
Radon
Virginian
Radium
Actinium
Thorium
Protactinium
Uranium

- 107 -

.Atomio
Woighat

106.7
107.880
112.41
U1 4.76

n8.70
121.76
127.61

131.3
132.91
137.36
138.92
i40.13
i4o.9.2
144.27
150.43
152.0
156.9
159.2
162.46
164.94
167.2
169.4
173.04
174.99
178.6
180.88
183.92
186.31
190.2
193.1
195.23
197.2
200.61
204.39
207.21
209.00

(210)(221)
222

(224)

229)
232.12
231
238.07

S

46
47
48
49
50

51
52
53
54

55
56
57
58
59
60
61
62
64

66
67
68
69
70
71
72
73

75
76-
77
78
79
80
81
82
83
84
85
86

88
89
90
91
92

Pd 102(o.8), 104(9.3), 105(22.6), lo6(2.2), io8( 6.8), 110(13.5)
Ag 107(51.9), 109(48.1)
Cd 106(1.),d(l.0),flO(12.8),l(13.0),f12(24.2),fl3(2.3),fl4(28.0),fl6(7.3)
In 113(4.5), 115(95.5)
sn 112(1. i), 114(0.8) 115(0.4), n16(15.5), 117(9.1), f18(22.5),

119(9.8), 120(28.55, 122(5.5), 124(6.8)
sb 121(56), 123(44)
To 12 (< i), 122(2.9),123(i.6),124(4.5),125(6.0),1-26(19.0),3.28(3 .8),130(33.1)
I 127(10O)
_xe 124(0.094), 126(0-088), 128(1.90), 129(26.33), 130(4.07),

131(21.7), 132(26.96), 134(io.54), 136(8.95)
Os 133(100)
Ba 130(0.101),132(0.097),134(2.42),135(6.59),136(.81),137(n.32),13(71.66)
La 139(100)

_Ce 136(< 1), 139(<1), 140(89), 142(n)
Pr 141(100)
N& 142 25.95),143(13.0) ,144(22.6),145(9.2),146(16.5) 148(6.8),15o(5.95)sm 144 3),147(16.1),149(15.5),1,50(n.6),152(20.7),1s(18.9)
Eu 151 49.1), 153(50.9)
Gd 15 0.2),154(1.5),155(18.4),156(19.9),17(18.9),158(20.9),160(20.2)
Tb 159 100)
--M7 158(> o.1),3.60(l),161(21.1),i62(26.6),163(24.8),164(27.3)

165(100)
zr 162(0.1),164(1.5),166(32.9),167(24.4),168(26.9)-,170(14.2)

_Tm 169(100)
-Yb 168(o.o6),170(4.21),171(14.26),172(21.49),173( .7.o2),174(W9. a),i76(13.38)
-- u 175097.5), 176(2.5)1
-Hf 174(0.18),176(5.30),177(18.47),178(27-13),179(i3.85),180(35.14)
Ta 181(100)
-W 180(~-0.2),182(22.6),163(17.3),184(30.1),186(29~8)
Re _185(38.2), 187(61.8)
Os 184(0.018),186(1.59),187(1.64),188(13.3),189(16.1),190(26.4),192(41.0)
ir 191(38.5),193(61.5)
Pt 192(0.8),194(30.2),195(35.3),196(26.6),198(7.2)
AU 197(100)
- g 196(0.15),198(10.1),199(17.0),200(23.3),201(13.2),202(29.6),204(6.7)
Th 203(29.1), 205(70.9)
Pb 204(1.5), 206(23.6), 207(22.6), 208(W.3)
_B1 209(10,).
Po
Ab
Rn

Ra
A c .-- --
Th 232(100)
Pa-
U 234(0.006),,235(0.71), 238(99.28)
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b) Capture of the incident neutron followed by emission of a
nuclear particle (a g. proton alpha parti le or neutron).

c) Simple capture of the incident neutron without emission of
a nuclear particle but with emission of gamma rays. Where
an unstable isotope is produced, the nucleus tends to
-atabilize itself by a process knova as radioactive decay,
in which an electron, called a beta particle or beta ray, is

4emitted. Gamma rays ofte4 times are emitted simultaneously
:with the beta particles.

d) Capture of the incident neutron followed by immediate fission
or splitting of the nucleus into two new nuclei, accompanied
by the emission of several free neutrons. Beta particles and
gamma rays are also emitted due to the radioactive decay of
newly created unstable nuclei.

Mass and Energy Relationships

The study of nuclear reactions is entirely parallel to the more familiar
study of chemical reactions. One mets such fundamental concepts as the equa-
tibn of the reaction, the process of balancing the equation with respect to
quantities which are conserved in the reaction, and the rates of reaction.
In nuclear physics the nucleus is expressed by a symbel which consists of the
chemical abbreviations for the element with the atomic number as a pre-subscript
and the mass number as the post-superscript, for example:

238 10 1
U B ;H

92 5 -1

In this manual, the pre-subscript is usually omitted.

Two different notations are common in expressing the equation of a re-
action. For example, the reaction between a neutron and a boron nucleus

(Bl0) can be written in the following ways:

510 0 3L1 + 2 energy
boron neutron lithium helium

(alpha particle)
or

5B 1 (n,&c) 3 Li

In the latter nethod of writing the reaction, the first symbol within the pa-
renthesia indicates the projectile and the last symbol indicates the emitted
particle.

- 108 W
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In every nuclear reaction the total number of particles, protons plus
neutrons, is conserved. The total electrical charge is also conserved. For

example, in the above reaction the balance is as follows:

Left Side Right Side

Total number of neutrons and protons 10 + 1 7 4- 4

Total charge 5 + 0 3 + 2

As in the case of chemical reactions, the energy balance of a nuclear

reaction provides an indication of the ease with which the reaction can be

made to proceed. The reaction is exoergic or enoergic, by analogy with
chemical reactions, according to whether the energy, Q, of the reaction is

positive or negative. In the energy balances of nuclear reactions there is

a very striking equivalence between mass and energy which is not detected

in chemical reactions because of the relatively small energies involved in

chemical as compared with nuclear processes. The energy unit of nuclear

physics is the electron-volt, abbreviated ev. The electron-volt is generally
defined as the amount of energy which a singly cha-rged particle, for example

a proton or electron, has acquired after falling through a potential difference

of one volt. The unit has acquired this form because of the convenience of

expressing the energy of artificially accelerated atomic projectiles in terms

of the voltage used to accelerate them. This unit-of energy is now univer-

sally used in nuclear physics even when artificial acceleration is not in-

volved. In many problems the unit electron-volt is inconveniently small.

For this re on the million-electron-volt unit, abbreviated as kiev, and

equal to lO ev, is very often used. The comparative size of the electron-

volt and the more familiar units of energy is presented in the following
tabulation:

per particle per mol 6.0211023 particles)

1 ev I.6xlo-12 erg 9.6px1011 ergs/Mol

1 4Nv 1.6xlo-6 erg 9.65xl 7 erga/mol

1 14ev l.l8xl0-1 3 ft.-lbs. 7.lx100 ft.-l1s./mol

1 Mev 3.83x10-17 kg.-cal. 23.06x106 kg.-cal./mol

1 *v 4.45zlO-20 KW-brs. 2.68x1+ KW-brs./mol

Energy of thermal agitation of molecules is approximately 1/40 ev.

Energy of alpha particles from naturally radioactive elemnnts is about 5 Mov.

Energy of fastest alpha particles accelerated by cyclotron is about 40 Mav.

Energy released in the fission of a uranium nucleus is approximately 200 Mav.

The equivalence of mass and energy, referred to above, is a development

of the theory of relativity. It is expressed by the relation:

E

where E, is the energy in ergs; m, the mass in grams; and c, the velocity of

light.
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Mass can be converted into energy and energy into mass. When mass dis-
appears in a reaction, it appears as energy of the reaction. The equivalence
between energy in electron-volts and mass in atomic units is set forth in the
following relation:

One absolute mass unit (per mol)= 931 Mov

or

I MeT = 0.00107 absolute mass units (per mol)

Energy equivalent of the mass of an electron (per mol) = 0.51 Mev

As an example of the use of the mass-energy equivalence relation, it is
applied to predict the energy release of the neutron-boron reaction. The
reaction is:

5310 + on1 (slow) ) 3-M + 2Ee4 + Energy

Absolute mass of atoms (per mol)

10.01605 1.00893 7.01804 4.00389

Total 11.02490 30 11-32193

Difference 0.00305 units of atomic weight

Therefore, the predicted energy of reaction = 0.00305 = 2.85 14ev

The predicted energy release of 2.85 Mewv agrees with the experimentally
observed energies of the product nuclei.

Radioactivity

According to present theory, atomic nuclei are composed entirely of neu-
trons and protons. In stable nuclei the ratio of the number of neutrons to
the number of protons falls in a fairly well defined and rather narrow range
of values. If for soma reason the ratio falls outside of this range, the
nucleus is unstable. Nuclear reactions involve changing the composition of
nuclei. Very frequently the product nucleus is unstable. An unstable nucleus
is said to be "radioactive". It tends to adjust its-neutron-proton ratio
with energy emission to acquire stability by a process called "radioactive
decay". The time consumed in the adjustment process may vary from fractions
of seconds to millions of years.

In the process of acquiring stability most radioactive materials emit
either electrons or positrons (positively charged particles of mass similar
to the electrons). However, many of the naturally radioactive, and some of

- 110 -



HW-10475-SEC C

-6 3COPY NO. SERIES C

NUOCLEAR REACTIONS IN URANIUM

the artificially radioactive, elements emit alpha_artIcles. The rate at which
these particles are emitted is known as the activity of the material; when the
rate is high, the activity is said to be high andtvice versa. Each radioactive
species has a characteristic rate at which its actirttg Ktecreases. The rate
of decay is usually expressed in terms of the time required for the activity
to decrease by one-half. This time is called the half-life of the species.
Half-lives of artificially radioactive species range friom seconds to years.
A chart of the three series of natural radioactivities and important related
isotopes artificially produced is shown as Figure 2.

- The activity of a radioactive material is expressed in terms of the num-
ber of disintegrations of its atoms which occur eac second. When the number
of disintegrations per second is equal to 3.7 x 10 , which is the number of
disintegrations produced per second by one gram of radium, the sample is said
to have one curie of activity.

NUCLEAR REACTIONS IN URANIUM

Nuclear Fission

A reaction which results in the splitting of a nucleus into two approxi-
mately equal parts. is called fission. One of the most important fission re-
actions occurs in uranium nuclei. In the most prominent reaction leading to
fission in normal ur nium, isotope 235 oaptures a neutron to form an excited
compound nucleus U2 3 . This nucleus decays predominantly by fission but also
by gamma e-mission, with the result that a small amfount of rather stable (i.e.
long-lived) U236 is formed. In the fission act the excited U23 6 nucleus be-
haves like a liquid drop of matter in vibration. If, during these vibrations,
there is a sufficient separation of the two nuclear masses so that the electro-
static forces of repulsion between them exceed the cohesive forces of surface
tension for the whole nuclear mass, then fission occurs. However, if the
excess energy given to the nucleus upon capture of the neutron can be released
as gamma radiation from the vibrating compound nucleus, then a condition of
stability may be attained without the occurrence of fission. The sequence of
events occurring in fission are illustrated in Figure 3.

The new nuclei produced by the fission reaction belong to elements in
,the middle-of the atomic series. The importance and great value of this, re-
action results from two of its features. First, each fission is accompanied
by the largest energy release yet obtained from a nuclear reaction. Second,
the fission reaction releases neutrons in amounts sufficient to make the
fission reaction self-sustaining when the conditions are properly controlled.
The reactants and products of fission can be presented in the form:

a) two new nuclei
Uranium nucleus + single neutron - b) several free neutrons

c) large amount of energy

- 11-
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FIGURE 3

FISSION OF URANIUM

neutron

Uranium nucleus In normal spherical
shape captures a neutron.

2

The energy imported to the
nucleus appears as motion of the
entire droplet.

3

Violent oscillations may draw
the droplet into a dumbell shape.

4

Variations in oscillations result in
unequal distribution of mass. Electrical
repulsion acts to push ends farther
0apart.

5

Fracture occurs resulting in
two fission fragments.

6

The fragments attempt to
acquire stability by emission of
neutrons.
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NUCLEAR REACTIONS IN URANIUM

At the instant of fracture *thp vgly ezcited nuclear fragments have
sufficient energy to eject neutron0. A typical reaction might be:

-- 23+ dnl (slow) u- (92 36 3 6  5 6 Ba14 2

highly highly excited
excited

On the average, between two and three fast neutroiis are emitted by the
excited nuclei immediately on fission. The emission of these several neutrons
for the single neutron captured makes self-sustained fission possible. This
gives:

9" + 56a 4 2  j6Kr9 2 + 5 6 alil + 3 on; + Energy

Even following neutron release, the products are unstable, due to the un-
satisfactorily high neutron to proton ratios of these nuclei. The unstable
krypton and barium nuclei decay by the emission of beta particles, resulted
in converston of neutrons to protons, in a so-called "fission decay chain".
The decay continues from element to element until -a stable isotope is reached.
For example, the above unstable nuclei decay with beta and gamma emission in
the following possible fission chains:

fr92/.4r.).-*- Zt 9 (stable)

A-

5 e3a!1 LCe 5Pr14 (stable)

--The triendous energy released in the fission process make the reaction
important as a source of energy for special applications. The energy which
is released_ arises from the excess mass of the original uranium nucleus and
neutron over that of the final stable products, in accordance with the mass-
energy equitalence. An estimate of the mgnitude of the energy released per
fission can be obtained by considering the reaction already referred to:

(fission and neutron
9235+ - -- +- emission followed by -4- +

decay to stable products) 40 . O

To compute the amount of mass which is converted to energy, the differ-
ence' in the sums of the atomic weights is obtained.

11S
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Atomic Weight of Final Particles

235.1240

1.0089
4 Prlkl

on1 (3)

236.1329

Mass difference = 0.205 units

-Energy released per fission - 0.205-
U. 00-107

(0.00107 Mass Unit =1 Mev)
The estimated energy release is close to the accepted average release of200 Mleg per fission. Mst of the energy appears as energy of motion of thelarge fission fragments. This energy is dissipated by heating of the stoppingmaterials. The remainder of the energy appears as energy of the gamma rays,beta particle, and neutrons which accompany the process. The distribution ofthe energy among the various particles is_ as follows:

190 MeV

Kinetic energy of fission fragments
Gamma radiation from fission products

'-Beta radiation from fission products
Klnetic energy of neutrons

Total

159 Mer
23 Mev
11 Mev

7 149v

200 MWv

An inter;sting and important feature in the decay of the fission pro-ducts is that, in the case Of several of these products, the decay proceedswith omission of neutrons. Bromine and iodine have been identified as thesource Of twooft the neutron activities. At least two other activities arepresent buttheir sources have not been identified. -Neutron emission arisenin those cases in which the excess energy of a nucleus is so great that theexcess cannot 'be dissipated quickly enough by beta or gamma emission alone.The neutrons which are emitted in this fashion are called "delayed neutrons".The growth and decay of delayed neutron activity is very similar to that ofbeta activity.

Formation of Plutonium

Plutonium is formed from uranium by nuclear reactions involving isotopeU238. Thus, slow neutrons and resonance neutrons may be captured by thisnucleus to give U2 39 , which decays by beta particle emission to element 93,

_- 115- -

-I

C

C

92u

on

0

91.9420

14o.9590

3.0267

235.9277

0



HW-10475-SEC. C

COPY NO. SERIES C

THE FISSION PRODUCTS

or neptunium. The beta-unstable neptunium isotope, Np2 3 9, then decays to
element 94, which is called plutonium. The series -of reactions leading to
the formatiqn of plutonium is given as follows:

92 U238 + 60 92U239

92 tj 23.5 min. 9 3 p 9 -

tg. 2.33 days 9 4 1 + _,A

Plutonium itself is radioactive and decays by alpha particle emission
to uranium, according to the reaction

PU23 9 _ __35 +- 4
_94 t2- 24,300 years 92 2

Since the half-life of Pu2 3 9 is 24,300 years, it is relatively stable and
can be manufactured in quantity. However, to produce the material, an intense
source of neutrons must be available, since 2.52 x 102 1 neutrons are required
for each gram of plutonium. Such a source of neutrons is provided by the ex-
cess neutrons from the fission of isotope U235. Thus, the process for pro-
ducing plutonium consists of providing the conditions necessary for slow neu-
trons to start the fission of isotope u235 and then to slow down the resultant
high neutrons so that some of them enter the U230 nucleus while maintaining
at least one new neutron each time to continue the fission of more 'U235 and
so maintain the chain reaction. The structure in which the chain reaction is
carried out is called a pile.

THE FISSION PRODUCTS

Formation and Fission Yield

The two nuclear fragments which are formed during the fission of a heavy
isotope such as U2 35, are called fission products.- The masses (and mass
numbers5 of these fragments vary considerably because of variations in asym-
metry of theuranium nucleus at the instant of fission. In all cases, however,
the sum of the mass numbers of the two fragments plus the liberated neutrons
must total to 236, the lass number of the excited compound uranium iiAi16ii
Thus, if two neutrons are liberated in a given fission reaction, one may find
a large number of possible combinations of mass numbers, such as 160-74,

-116 U
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159-75, 158-76 --- 140-94, 139-95, 138-96 - -- 118-116, 117-117. The
probability-that any given combination of mass numbers will occur during fis-
sion is calied the fission yield. inoe-the eleinantal composition of the
fission products changes with time because of beta decay, the fission yield
nst be based on mass number rather than atomic number. The fission yield
versus mass number curve, as obtained from the beat experimental data at pres-
ent (AUg. 1945), is shown in Figure 4. The center of symmetry in the curve
is found at mass number 117, since it is assumed that, on the average, two.
neutrons are liberated in each fission. Thus, the mass numbers of the fission
fragments from a given fission met total 234, while their atomic numbers met
total 92. -

In Figure 5 are listed all of the fission product activities which have
been identified thus far in pile fission material. The decay of a given chain
proceeds diagonally upward and to the left. The approximately 160 fission
product activities occur in more than 60 decay chains, an average of 2.5+
members per chain. Theoretically, there should be, on the average, between
3 and 4 members per decay chain. The fact that the average chain length is
only about 2.5 indicates that there are other radio-isotopes which have not
yet been identified. Most of these activities, however, are very short-lived
or very long-lived so that it is difficult to conduct experiiental studies to
identify them.

Activities Important in Plant Operations

In the nominally normal operation of the plant, the uranium metal slugs
are irradiated in the piles for between 100 and 200 days and then are stored
for a period of 40 to 60 days before being processed to extract plutonium.
The variations in irradiation time are necessary at a given pile power level
(normally, 250 megawatts) to take into account differences in neutron flux
at different points in the pile. A cooling time of 40 to 60 days is normally
used so that, the gamma radiations from the principal activity, 2.33-day
Np 2 3 9, is only a minor radiation hazard as compared to the longer-lived ac-
tivities. Also, other short-lived activities decay to negligible levels.

Of the Songer-lived activities which remain after the cooling period,
only those listed in Table II are considered important because of half-life
and/or fission yield.

-117-
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FiGURE 5

A CHART OF THE RADlO-ISOTOPES PRODUCED IN PILE FISSION.
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TABLE II

Fission Product Activities Important in Plant Operations After a

40 to 60 Day Cooling Period

Element

Strontium
Strontium
Yttrium.
Yttrium
Zirconium
Columbium.
Ruthenium
Ruthenium
Rhodium
Tellurium
Tellurium
Iodine
Xenon
Cesium
Barium
Lanthanum
Cerium
Praseodymium
Cerium
Praseodymium

Fission
Isotope Half-life Yield

siB9
sr 90

1791
Zr95
Cb9 5

Ru103
Rul06

Te 129
T 129*
1±31
IXl33

Bal

Cel41
P1l 4 3

eel4 4 *

55 days
>30 years

60 hours
57 days
65 days
35 days
42 days
1 year
30 sec.
32 days
72 min .

8 days
5.5 days

tv33 years
12.5 days
40 hours
28 days
13.8 days
275 days

4.6%
~5%
~5%

5.9%
~6%
~6%
~3.7%

0.5%
0.2

O. 4
-1.9%
-4.6
~5%

6.1%
6.1%
5.7%
5.4%

~5.0%
17.5 min. ~5.0%

Beta Ray
Energy (Mar)

1.48
0.4
2.16
1.4

1.0(97%)0.3(3%) C
0.154

0.3(95%)0.8(5%)
very soft

1.9
0.595
0.42

0.5(50%),0.84(50%)
l.0(75%),O.4(25%)

1.8 0
0.6
0.95.
0.35
3.07 0

Gamma Ray
Energy (Mea)

None
None
None
None

).23, 0.75, 0.92
0.775
0.56
None
None
0.086

0.08,0.367
0.085
0.5
0.5(25%)

-3,1.69 (>97%)2.5 (<3%)
0.22
No. 8

.22, 1.25(~5%)
*Amount of activity due to radio-isotope is governed by decay of
long-lived parent.

Activity and eating Effects of Fission Products

During the operation of the pile there are 3sxilO fissions/second occurringfor each watt of pile ower. Thus for a pile operating at 250 megawatts,there are 250x10 6  0 - 7.5x101 fissions/second, 6.5x1023 fissions/day ora total of 1.3,O 21 fission fragments/day. Since all of these fission productsdo not decay immediately to stable isotopes, radioactive isotopes accumulate
in the pile metal.. The rate of accumulation is governed by the pile power,and the total activity is a function of the time of operation. At any givenmoment of operation, however, the activity of the metal in the pile, asmeasured in curies, is not a simple function of the number of fission frag-ments which have been produced since: 1) the half life of each of the manyradio isotopes governs its disintegration rate, as shown by the relationdN/dt . 0.693N/T4, where dN/dt = disintegration rate per second, N = the numberof atoms of fission fragments having a given mass number, A, and atomic number,Z, and Tj - half-life of the fission fragment as specified above; 2) manyradio-isotopes decay to daughter activities which contribute to the overall

- 120 - a

M
9.



HW-10475-SEC. C

COPY NO. 63 SERIES C

THE FISSION PRODUCTS

disintegration rate. For example, the short-lived daughter activities oflong-lived-radio-isotopesnleted in Table II have disintegration rates ap-proximately equal to their parents at equilibrium and hence the long-livedparent activities appear to have about twice as mch activity as radio-isotopes decaying in a simple manner.

The overall changes in radioactivity associated with metal which has beenirradiated in a pile for various times and then removed is shown in Figure 6.The curves are useful in determining the amount of activity in metal to be pro-cessed. For examp~le, 1 ton of average metal, in a 100-ton pile operated fr100 days at 250 megawatts and cooled for 50 days, should have r
- 3.2xlQ5 curies of activity. The activity due toany one importantissionproduct, as given in Table II, may be calculated from curves such as thoseshown in Figures 7 and 8. For ezanple, In the case cited above, it was foundthat 320,000 curies of activity were present in 1 ton of metal after 50 dayscooling. The amount of 6 5-day Zr present at this timn as shown by Figure 7,
is 8.1% of the total number of curies present. Thus, there are 3.2x1'xO.08. 25,600 curies of Zr 9 5 . Figure .8 gives the limiting values for the intensityof the principal fission product activities following infinite irradiationsince, at the end of such an irradiation, all fission product activities havean intensity proportionate to their fission yields.

Calculations of the heating effects due to the fission product activitiesare made from data concerning the energies and absorption characteristics ofthe beta and gamma radiations associated with them. The power developed by thefission product radiations, without considering their absorption in surroundingmatter, may be obtained from the curves shown In Figures 9, 10, Un 12, and13. The heating effects may be calculated, knowing the power, absorption co-efficients fr beta and gama radiations, specific -heat and transfer coefficientsfor the surrounding materials, etc.

Weights of Fission Product Elemnts

The anicunt of any stable isotope formed directly in fission is propor--tional to the total number of fissions and the fission yield for that isotope.With radioactive isotppes, growth and decay of the activities is importantin calculating their weights. For metal exposed at a power level of 2500kilowatts/ton for 100 days and then cooled for 60 days, the weights of bothactive and inactive fission product isotopes are given in Table III.

.121 -
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FIGURE 7

FRACTIONS OF TOTAL CURIES DUE TO
INDIVIDUAL RADIOACTIVE ISOTOPES

FOLLOWING 100 DAYS OF PILE OPERATION
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FIGURE 8

FRACTIONS OF TOTAL CURIES DUE TO
INDIVIDUAL RADIOACTIVE ISOTOPES
FOLLOWING INFINITE TIME OF PILE

OPERATION
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FIGURE 12

FRACTIONS OF TOTAL BETA WATTS DUE
TO INDIVIDUAL RADIOACTIVE ISOTOPES
FOLLOWING 100 DAYS PILE OPERATION
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FIGURE 13
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DECLASSIFIED
Weights of Active and Inactive Fission Product Isotopes in Uranium etal

Exposed at 2500 KW/ton for 100 Days and with 60 Days Cooling

Active Isotopes

Isotope a

Inactive Isotopes

Element g./ton U

55d r89
57d Y91
65d r95

35d Cb95

42d Eul03

ly pu(106)
8d I(131)

12.5d Ba(1 4 0)
40h ta(14 0)
28d Ce141

27%6 Ce(144)
17.5m Pr143
Total

Fission Products with No Active Isotope*

Element

Se
Br
Kr
Rb
Mo
43
Ph
Pd

-Ag

Element g. Iton U

*The very long-lived radio-isotopes are considered
stable.

- 130 -

to be essentially

0 1.32
1.3
1.35
*1.01
0.84
0.45
0.002
0.055
0.0086
0.605
6.4
0.00022
-'3

Sr

_zr
Ob
Ru

I
Ba
La
Ce

10.7
7-5

26.5
12.2
14

1.75
11

29.2

13
137

Pr
Total

g.I ton U

0.25
0.15
0.75
4.5

21.7
7.25
2.5
1.5
0.225

To
xe
Cas
N&
Sm
Eu
Gd

0.05
3.25

29.8
29
28.2
8.25
1.25
0.05

TABLE III
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ST ING AGAINST RADIOACTIVE RADIATION

Radioactive radiations of the types encountered in the 200 Areas have
been known for half a century, and their action upon matter and upon living
tissue is reasonably well understood. The intensity of the radiations from
process materials is, however, enormously greater than that of any source
which has previously been employed on an industrial scale. The largest
radium eurces that are handled routinely weigh about 1 gram, and can be
handled safely encased in about 5 inches of lead. - This thickness of lead
reduces the gamma intensity about a thousand-fold. Half-ton buckets of pro-
ceased metal are brought into the 200 Area in casks shielded by 12 inches of
lead, which reduces the hard gaman intensity by a factor of about 10 million.

The use of massive shields is not in itself an absolute guarantee of -

safety. Apertures or cracks in the shield may permit the escape of dangerous
anounts of radiation. Therefore, good practice demands that holes through
shields be staggered so that there is no direct path along which radiation
may escape. The scattering of radiation from surrounding objects may also be
significant. A shield which protects personnel from the direct rays of the
source may be inadequate if the radiation can reach them indirectly by reflec-
tion from the walls or ceiling. Hazards may also be created by the transport
of active materials through a shield, for instance by accidental suckbacks of
process materials into pipe galleries or by the discharge of radioactive mate-
ria1 into stack gases. Measures must also be taken to prevent the introduction
of active materials into the body by inhalation, swallowing, or puncture wounds.

The following discussion covers the general principles of protection
against radioactive radiations.

Nature and Penetrating Power of Radiations

The radiations emitted by 200 Area process materials are alpha particles,
beta rays, and gamma rays. These radiations can be detected only by instru-
ments, such, as ionization chambers, Geiger counters, photographic films, and,
at relatively high intensities, by fluorescent screens. Since the physiologi-
cal -effects of the radiations are delayed, it is possible for a man to receive
a fatal dose without feeling it in any way at the tim when he gets it. It is
therefore imperative that adequate shielding be maintained and that it be
monitored constantly at critical points.

Alpha Particles

Alpha particles are helium nuclei of mass four and positive charge two.
They are ejected spontaneously by the nuclei of uranium and the product, but
not by the fission elements. Because of the large mass and charge of the
alpha particle, its penetrating power is very low. For example, the alpha
particles from uranium are stopped completely by about 1 inch of air, 0.001
inch of aluminum, or 0.0001 inch of lead. Alpha particles present an impor-
tant hazard only when their parent substance is taken into the body.
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Beta Rays

Beta rays are fast electrons Of very small mass, roughly 1/2000 that of a
proton or 1/8000 that of an alpha particle. They carry a negative charge of
one unit and are emitted, with energies ranging up to 3 or 4 Mew, by radio-
active nuclei. Their penetrating power is rather low (2 Mev betas are com-
pletely stoapped by 23 feet of air or about 1/8 in-h of aluminum). Shields of
ordinary structural thicknesses are usually suffici nt for beta rays; and the
beta radiation hazard assumes importance only when-the observer is directly
exposed to the source.

Gamma Rays

Gamma rays, also called photons or quanta, are electromagnetic waves or
particles whose wave length is roughly one millionth the wave length of vis-
ible light._ The "hardest", most penetrating radiation emitted by the fission
products is the 2.1-Mev gamma of lanthanum. Unlike alpha and beta particles;
gamma radiation does not have a definite range in matter but is absorbed ex-
ponentially.- The intensity of a beam of 2-Mev gamma radiation is reduced
ten-fold by passage through 1300 feet of air 20 inches of water, 8.5 inches
of concrete, 8 inches of aluminum, or 1.7 inches of lead. Reduction of the
intensity of this radiation by a factor of 100 would be obtained, for example,
by using a shield of 3.4 inches of lead. The massive lead and concrete
shielding used in the Canyon and Concentration Buildings of the 200 Area is
intended primarily to reduce this penetrating radiation to a harmless intensity.

Safe Radiation Limits

The unit of X-ray or gamma radiation dosage is the Roentgen,' usually de-
signated asr, which represents that dosage which will produce 1 electrostatic
unit of ions in 1 cubic centimeter of atmospheric air. This corresponds to an
energy dissipation of 0.1 erg/cc. of air or 83 ergs cc. of body tissue. The
Roentgen does not apply strictly to radiations other than gamma or X-rays;
hence, beta radiation dosage is expressed in a unit which produces the same
energy dissipation as the Roentgen and is called the "Roentgen equivalent,
physical", abbreviated rep. This unit is also used to express the dosage pro-
duced by mixed beta and gamma radiation.

Dosage rate is most frequently expressed in milliroentgens/hour (mr/hr)
or milliroentgen equivalents/hour (mrep/hr), although the term Roentgens per
8-hour period (r/8-hr) is also used.

Experience with radium and X-rays has shown that the human body can be
given a dosage not exceeding 0.1 r in any 24-hour period, and repeated indefi-
nitely, without any perceptible effect. Since personnel-are on the job 8 hours
each day, a maximum permissible dosage rate of 0 1 r/8-hrs. or 12.5 mr/hr has
been established for total body irradiation. An ion chamber having an effective
volume of 1 liter passes a current of approximately 10-12 amperes when exposed
at this intensity. The shielding of the 200 Area is designed so that the
dosage rate in any work area does not exceed 12.5 nm/hr, and in the majority
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of cases is less than this by a factor of ten or more. The tolerance dosage
of 0.1 r means that a 150-pound man can safely absorb only about 16 microwatt-
hours of gamma energy per day. In contrast, a man stretched full length in
the noonday sun receives solar energy at a rate on the order of 100 watts.

Single overdoses of gamm radiatiot react on the individual somewhat
as follows-

A dose of 10 r produces a temporary decrease in blood count.
The decrease appears several days after exposure. A normal count
may be regained within a few weeks.

A dose of 100 r produces nausea, a mild "sunburn", and a
serious reduction in the blood count. Recovery may be very slow,
and the susceptibility of the individual to subsequent overexposure
is increased.

A dose of 1000 r is lethal, with death occurring something
like a week after exposure.

These figures are very rough, and take no account of very large indiiidual
differences in ability to tolerate radiation.

A more localized type of exposure, results when the body is exposed to
beta rays or to narrow beams of gamma radiation. Beta rays penetrate only
the first centimster or so of tissue, so that deeper layers are untouched.
Narrow beams irradiate only part of the body at any one timE, and so- are less
damaging than total body irradiation at the same intensity. These favorable
effects are not considered great enough to permit an upward revision of' the
tolerance figure, which remains at 12.5 mrep/hr for beta rays and at 12.5
mr/r for the most intense part of a gamma beam.

When radioactive materials are taken into the body, the situation is
considerably more complicated. An important factor is the tendency of certain
elements to concentrate in specific body tissues. For instance, iodine con-
centrates in the thyroid whether it is inhaled or ingested. Mixed fission
products remain to a great extent in the lungs if they are inhaled, but do-
posit in the bones if swallowed. Plutonium is most dangerous when inhaled
or introduced through a wound, and is somewhat less dangerous when swallowed.
It also deposits in the bones.

The amounts of active material1 which the body can tolerate are of the
following orders of magnitude* 10' to 10- curies of mixed fission products,
or 10- 3 curies of iod , may be swallowed as a single dose and never repeated.
Or, approximately 10-0 curies of either mixed fission products or iodine may
be taken daily for an indefinite period. Air containing 10-10 curies/co. of
mixed fission products or iodine may be breathed for a single day, but for
continued exposure the tolerance limit is dropped to 10-13 curies/cc. Xenon,
which does not deposit in specific locations, is tolerable for continued ex-
posure at a concentration of 10-11 curies/cc. The maeiima a unt of product
which can be tolerated by the skeleton, e.e., the so-called lifetime tolerance
dose, is about io- grams, and the toleratle concentration in the air is set
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at 5 x 10-16 gm/cc. This is the concentration which is believed safe to
breathe 8 hours/day for 2 years.

The significance of these tolerance figures may be illustrated in terms
of the amounts of process materials which are handled routinely. Consider a
1-ton batch of metal containing 100 grams of product. The total fission
product activity associated with this batch, as it enters the first processing
building, is roughly 105 curies, of which about 103 curies is iodine. This
ton of metal is made up into about 3000 gallons or 107 cc. of 20% uranyl ni-
trate hexahydrate (UN) solution. The solution therefore contains about 10-2
curies/cc. of mixed fission activity and 10-5 gm/co. of product. The mixed
fission products in 0.1 to 1.0 cc. of this solution could be tolerated as a
single dose, and no more than the fission products in 10- cc. could be
tolerated as an indefinitely repeated daily dose. The amount of product in

.10-2 cc. of the 20% UNE solution provides a lifetime dose. If all the iodine
in the batch were discharged into the atmosphere, it would have to be diluted
in approximately one cubic mile of air before it would be safe for continued
breathing; similarly, the amount of product in the batch would require dilution
in a cube of air about four miles on a side.

Contamination of working areas, clothing, or the skin may result in
transfer of active materials into the body, and is therefore an important
hazard. In addition, contamination of a small area of skin may result in a
severe local overexposure. The procedures by which hazards of this type are
minimized in the 200 Areas, are described in Chapter XIII.

Principles of Shielding

The amount of radiation which an observer receives from an external
source depends on the strength and geometry of the source, on its distance
from the observer, on the type and energy of the radiation, and on the geo-
metrical arrangement and composition of the shielding. A detailed discussion
of these factors is beyond the scope of this chapter, and may be found in the
references. A number of rough generalizations are given in the following
sections.

Strength of Sources

The intensity of radiation from a point source of gammas, like the in-
tensity from a point source of light, varies inversely with the square of the
distance between the source and the point of measurement. A point source is
one whose dimensions are small in comparison with the distance between it and
the point of measurement. If such a source produces unit intensity at a dis-
tance of 1 foot, then the intensity at 2 feet is 1/A; at 3 feet 1/9, and so
on.

The approximate strength of a nuter of typical sources may be illus-
trated as follows: A single slug which has been processed at the center of
a pile for 100 days and brought into the 200 Area after a 40-day cooling
period produces a gamma dosage rate of approximately 5 x 105 mr/hr at a
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distance of 1 foot. Approximately equal numbers of beta particles and gamma
photons are generated in the slug, and if all particles could escape from
the slug, e.e , if there were no self-shielding, the beta dosage rate would
be rougnly one hundred times greater than the gamma dosage rate because the
betas are very mch mre readily absorbed in air or tissue. Because of
their limited range, however, the beta particles have a relatively small
chance of escaping from the slug. Consequently, the beta and gamnma dosage
rates at short distances from p slug are approximately equal. The average
activity of the slugs in the central flattened zone of the pile is about 60%
of that cited above for the most radioactive slug.

A single half-ton bucket of metal from the central zone of the pile'
produces a gana radiation intensity of the order of 107 mr/hr at a distance
of 1 foot. The stainless steel wals of the bucket stop all of the beta
radiation from the slugs but have only an insignificant effect on the gamma
radiation.

One cubic centimeter of 20% UNH solution prepared from this bucket of
slugs, if spread out so that self-absorption is negligible, produces a gamma
radiation intensity of about 50 mr/hr t 1 foot, and a beta radiation inten-
sity of 2500-5000 zrep/hr at the sane distance. Where the beta ray contri-
bution predominates, as in the present case, the inverse square law is not
followed for the total radiation, because ore and more beta particles are
absorbed in air as the distance is increased. It has been found that at
distances from 1 to 10 feet from a source of mixed fission products, the
radiation intensity falls-off very nearly as the -2.5 power. At distances
greater than about 25 feet the beta particles are completely stopped by air.

- At the surface of a large tank containing this 20% UNH solution, the
gamma radiation intensity is of the order of 6500 mr/hr. The beta radiation
intensity at the liquid surface i roughly the same because of the self-
shielding effect mentioned previously, but these beta particles are completely
stopped by the steel walls.

Estimation of, the Radioactive Radiation from Processed, bbtal

The amount of radiation emitted by processed metal may be estimated if
the history of the metal is known. I certain cases it is necessary to take
into account the d a ribution of energy among the various fission products,
since these emit radi tions of different penetrating power The detailed
required for such calculation is available in the Project Handbook (CL-697),
Chapters III, V, and II. and in Reports CC-829 and TUX-7. Frequently, however,
a sufficiently close e timate may be based on the Borst-Wheeler Curves (Figure
14 which relate rad oactive power generation to time of irradiation and time
of decay.

The general procedure for estimating the dosage rate produced by pro-
ceased metal may be llu.trated by an example. Suppose that a mass of
metal has been irradiated for 100 days in the central columns of the pile,
where the average power generation is 75 0 watts/slug or 2.1 watts/gram of
metal. After 40 days' decay, the Borst-Wheeler curves indicate that the

- 135 - a



DECLASsIFIED
HW-10475-SEC. C

COPY NO._6.3ERIES C

FIGURE 14

RATE OF ACTIVITY DECAY

-TIME FOR DECAY AFTER SHUTDOWN-

0

(2
hi
bi

I-

I LJAAY&Tt

0 KI

z 1 KW

0

0

io0 WATTS

0a
U
0
C
I"

VI

'a
I-=
S

I

HEATING AFTER SHUTDOWN
-AS FUNCTION OF TIME OF

OPERATION AND TIME
OF DECAY VALUES ARE RELATIVE

TO HEAT LIBERATION WICtH
-WOULD TAKE PLACE DURING

LOtiG CONTINUED OPERATION
AT THE GIVEN NEUTRON

LEYVEL

I t
'-7

I I
HEATING BY SETA AND

GAMMA RAYS
FROM ONE GRAM OF FISSION

PRODUCTS PRODUCED
IN STATED TIME

0,
a
=
C
C
hi
a.
a

'4'
0

0
C
Iii
CO

C
10

'hi
I-
=
S

a

LO
hi
I-.
=
S
r
10

0
hi
I-.
=
S
I
0

Iii
I-=
=
U
0
10

=
C
S

.0

=
C=
C

N

*

0

0)
hi
I-
=
S
i
C
IC

S

-i
C
I

.01
41

a.
4
C
0

N

N,

1'j.
I,

CO

=1
O I-
I?,

'hi
4
-O
C

0'

4a
0
0

\X

N

0,

4
0
0
0
C

a

0
0

N
-0

-'s-
0

dl,

0

0

0
C.

~*1P
0

C.

0
4.

0~
-A
e
.1~

4-
I.
C.

-

0
0o 0

N 0-
~ a.

* 4'

-L
a

0,
4
C
0

CO
2*-
-C
0
0
C

0
4
a
0
6 0

-TIME FOR DECAY AFTER SHUTDOWN-

-136-

S

in-1

I

10- m

Q.
0
0

10-8
I

10

Ic-
-4

m



HW-10475-SEC. C

COPY NO. 63 SERIES C

TBIMITNG

power generation is reduced by a factor of 1000 and the total radioactive
heating effect is therefore 0.0021 watts/gram of metal. One cubic centimter
of 20% UNH solution prepared from this metal contains 0.114 grams of metal
and generates 0.00024 watts, of which one-haJ.f, or 0.00012 watts, is due to
gamma radiatiog. A 1-watt gamma source produces a radiation intensity of
very nearly 10 mr/hr at a distance of 1 foot; hence 1 cc. of the solution
is expected on this basis to produce 120 mr/hr at a distance of 1 foot.
This value is about twice as high as the more exact figure of 50 mr/hr in-
dicated above; however, it is generally accepted that the Borst-Wheeler
curves, at decay periods of interest to 200 Area operations, give values
which are high by a factor of approximately two. Correction by this factor
brings the rough estimate into fairly good agreement with the more precise
value.

The beta power generation is approximately equal to the gamma power
generation, but beta radiation is absorbed by air or tissue about 100 times
as strongly as gamma radiation a short distance from a small volume such as
1 cc. of solution, the beta ray dosage rate is consequently about 100 times
as great as the gamma dosage rate.

Geomtry of Sources

The geometry of the source governs the rate at which the gamma dosage
rate falls off with increasing distance from the source. It has already been
indicated that radiation from a point source follows an inverse square law.
The dosage rate produced by a line source, such as a pipe filled with a
radioactive solution and observed from a point on a perpendicular to the axis
of the pipe, depends on whether the pipe is long or short in comparison to
the distance at which it is observed. When the pipe is long and the distance
is short, the dosage rate varies inversely as the first power of the distance;
when the distance is equal to or greater than the length of the pipe, the
inverse square law is followed approximately. The intensity produced by a
disc or plane source, such as a cylindrical tank of liquid viewed from a
point on the axis of the cylinder, decreases at a rate slower than a first
power law at distances short in comparison to the diameter of the tank. At
large distances the inverse square law is followed.

For example, suppose that a long pipe of 2 inches inside diamter is
filled with 20% Uh solution and an est4mate is desired of the gamma dosage
rate at a point 5 feet-to one side of this pipe. The dosage rate is I -irIA/a, where I> is the dosage rate at unit distance from the activity in
unit length of pipe, and a is- the distance from pipe to observer. Taking
the unit of length as a foot, one finds that each foot of pipe contains 600
cc of solution. Each cubiu centimeter of solution produces a dosage rate
of 90 mr/hr at 1 foot; hence I' is 30,000 mr/hr at 1 foot from a 1-foot
length of pipe. The distance a is 5 feet; and the dosage rate at the re-
quired point is 29000 mr/hr.

As another example, suppose that a puddle of the same solution, 1 cm.
thick and 2 feet in diamter, has been spilled on the floor. The gamma
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dosage rate at a point a feet above the center of the puddle is I
Io 1n (R2 +a2)/a2 , where I" is the dosage rate at-unit distance from the
activity in unit area of the source. Therefore, 50 mr/hr at 1 foot from 1
cc x 930 c/sq.ft. - 46500 m/hr at 1 foot from 1 sq.ft. of puddle. If a
is taken as 2 feet, the dosage rate I turns out to be 32600 n/hr. On the
other hand, if the puddle were considered as a point source and the inverse
square law were applied, the result would be 36+00 mr/hr. This demonstrates
that at distances comparable to the dimensions of an extended source, the
inverse square law provides a fair approximation.

Self-absorption in the source becomes important when the dimensions of
the source are large in comparison to the man free path of the radiation in
the source. The mean free path is the thickness of shield required to reduce
the intensity of a parallel beam of gamma rays by a factor of e - 2.718. For
example, the most penetrating gamma radiation generated in a slug has an ener-
gy of 2 Mev and a mean free path in uranium (see Fig. 15) of I cm., while the
slug has a radius of 1.7 cm. In this case only 27% of the gamma rays are able
to escape. The remaining 73% are absorbed before they can get out of the slug.
Softer gamma rays are even more strongly absorbed. - A similar situation exists
in the case of large tanks filled with radioactive solutions. Effectively,
the radiation can escape from a depth of liquid equal to one man free path,
which for 2 Mev gamma rays is of the order of 20 cm. An observer viewing
a large tant at a distance receives radiation only from that layer of solution,
one mean free path in thickness, which is nearest to him.

Absorption

Alpha and beta radiations are completely absorbed by comparatively thin
shields, and the details of their absorption are of-minor interest in sepa-
ration plant design. Under exceptional circumstances the stopping of beta
rays gives rise to significant quantities of penetrating radiation, the so-
called "Bremsstrahlung" or slowing-down radiation which is identical with the
continuous X-ray spectrum. The stopping of beta radiation from a 100-curie
source produces an amount of Bremstrahlung equivalent roughly to 1 curie of
gamma activity. In 200 Area process materials, 100 curies of beta activity
are usually accompanied by 10 to 100 curies of gamma activity, and the con-
tribution of the Bremnstrahlung is negligible.

Shielding requirements are determined in most cases by the gamma radia-
tion, whose penetrating power depends on the energy of the photons and the
atomic number of the absorber. The absorption takes place exponentially) in
such a way that if a shield of absorption coefficient u and thickness t is
placed in a beam of intensity 10, the intensity in the emerging beam is

I = I0 eUt

Frequently it is convenient to express the absorbing power of a shield in
terms of the number of inches k required to reduce the intensity by a factor
of ten. In this case,

I = I0 10-t/k oa log10(Io/ _ t/k
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The absorption coefficients of a number of common shielding materials
are given an functions of gamma energy in Fig. 15. The curves have various
shapes becaupe three mechanisms are involved in the absorption process:
photoelectric absorption, Compton scattering, and pair production.

Photoelectric absorption occurs when the active energy of the photon is
used to eject an electron from one of the orbits ofaniatom. Absorption by
this mechanism predominates at low gamma energies and increases with the
atomic number of the absorber. In light elements such as aluminum, the photo-
electric effect accounts for most of the absorption up to about 0.1 Mev. In
heavy elements such as lead, it is effective up to about 1.0 Mlev. The sharp
break in the lead curve at 0.09 Yev is called the K absorption edge. Photons
having energies less than this value are unable to pry loose the most tightly
bound electrons of the K shell; therefore a photon of 0.08 Mev is less
strongly absorbed by lead than a photon of 0.10 Mv, .in spite of the fact
that it is less energetic.

Compton scattering occurs when part of the photon's energy is used to
eject an electron while the remainder appears as ascattered photon of lower
energy. This process accounts for most of the absorption in the internmediate
energy range (O.i to 10 14v in aluminum; 1.0 to 4.0 Mev in lead). Compton
absorption varies with the number of electrons per cubic centimeter of ab-
sorber and therefore is proportional to the density of the absorber. In the
energy range where this mechanism predominates, the effectiveness of a shield
is roughly proportional to its sectional density, expressed as grams/squar'
centimeter, and is nearly independent of the composition of the shield.
Compton absorption decreases with increasing gamma energy.

Pair production occurs when a photon enters the fieldc of a nuoleus and is
converted into a positron and an electron, plus a certain amount of transla-
tional energy of these particles. The electron is absorbed like a beta ray;-
the positron collides with another electron and the mass of the two particles
is converted, into two 0.5-May photons. This phenomenon occurs to a signifi-
cant extent only at very high energies (above 10 Mev in aluminum; above 4 Mv
in lead), and increases rapidly with the energy of the photons and the atomic
number of the absorber.

As a result of these three processes, every substance shows a minimum
in its curve of absorption coefficient vs. energy somewhere in the region
where Compton scattering predominates. This minimum appears at 2.5 Mer in
lead and at 20 Mer in aluminum.

The penetrating gamma rays of the fission products are absorbed mainly
by the Compton process; therefore the material of which the shield is made
is unimportant as long as the shield is sufficiently massive, and the choice
of shielding materials depends primarily on considerations of cost and avail-
able space. The cheapest shielding materials, water and concrete, are used
where space and total mass are unimportant, as in the storage areas and the
separations buildings. Lead is used where compactness and minimum total mass
are desired, as in the transfer casks. Steel is used where structural eta-
bility is important, as in the crane. cab. Stainless steel is used where ease
of decontamination is necessary, as in the sample carriers.
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The geometry of source and shield have some influence on the required
thicknesses. When a point source is shielded by a slab perpendicular to the
line joining source and observer, all rays effectively enter the shield at
normal incidence and the intenhity is reduced by the factor e-ut- When a line
source is shielded by a slab, many of the rays which reach the observer mat
travel an oblique path through the shield. The effectiveness of a given thick-
nese of shield is thereby increased, and the intensity is reduced by a function
of the form (ut)-ie-ut. When a large tank is shielded by a slab, this effect
of obliquity is even more pronounced and the function takes the approximate
form (ut+2)-le-ut. In other words, the effectiveness of the shield is improved
by a square root factor when a line source is used, and by a first power factor
when a tank source is used.

It was mentioned earlier that a single bucket of metal produces a dosage
rate of about 107 mr/hr at 1 foot. About 67% of this is contributed by 2 Mov
gamma radiation, about 28% by 0.8 Mev gamma radiation, and the rest by softer
components. The 12 inches of lead shielding provided by the transfer cask
give a reduction of 107 for 2 Mev gammas (one factor of ten for e-ach 1.7 inches
of thickness) so that, provided there are no blowholes in the lead Qasting,the dosage rate outside the cask is less than 1 mr/hr.

Similarly, Eanford concrete with a density of 2.5 reduces the intensity
of 2 Mev gamma radiation by a factor of ten for every 8.5 inches of thickness.
(Figure 15, which shows that 10 inches are required, is based on a concrete
density of 2.2). Therefore a 5-foot concrete wall provides a reduction of
about 107 in addition to the factor of 25 introducid by the greater distance.

Scattering

It has been noted that the Compton scattering process produces photons of
reductd energy. These scattered photons are absorbed with comparative ease
and therefore make no very large contribution to the radiation which penetrates
the shield. Under certain conditions, however, those photons which are diffusely
reflected from a shield or from other matter may be of concern.

The energy of the scattered photons depends entirely on the energy of the
primary photons and on the angle at which they are scattered. For example, 2
Mev primary photons which are deviated only a few degrees from their initial
path retain nearly all of their energy. At the other extreme, if they are
scattered 1800, i.e., reflected back along the saw path, their energy is re-
duced to 0.2 Mev. Primary photons of low energy are not so greatly affected.
The energy of a 0.05 Mev photon is reduced only to 0.04 Mev by scattering
through 1800.

The intensity of the scattered radiation depends in part on the energy of
the primary photons. For example, if a beam of 2 Mov photons strikes a concrete
slab at normal incidence, about 0.1% of the total primary energy is scattered
back into unit solid angle in the direction of the beam. If the primary beam
consists of _0.5 Mev photons, about 0.7% of the primary energy is similarly
scattered. The scattered intensity also depends on the atomic number of the
scatterer. The less energetic scattered photons are more susceptible to further
scattering and photo-electric absorption in the scatterer, and hence have a re-
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duced chance of escaping through the surface of the scatterer. For this reason
the radiation scattered by a lead slab is less than that scattered by a con-
crete slab. At distance close to the lead slab, however, the effective dosage
rate is increased by the photoelectrons which are knocked out of the lead.

Estimates of the order of magnitude of the intensity of the radiation
scattered by a thick slab may be made by use of the formula

I (0.01 In A)/(dld2)2

where I is the dosage rate at the location of the receptor, I is the dosage
rate 1 foot from the point source, A is the area in square feet of the slab
which scatters the radiation, d1 is the distance from source to scatterer in
feet, and d2 is the distance from scatterer to receptor. For example, suppose
that a bucket of metal (I - 107 mr/hr at 1 ft.) located on one side of the
head-end barricade of T Concentration Building irradiates a patch of ceiling
50 feet square (A = 2500 ft.2 ), dl , d2 . 50 ft. The dosage rate of the
scattered radiation at the receptor then turns out to be about 40 mr/hr.
Similar considerations apply in the design of labyrinths, where several re-
flections may be necessary to bring the dosage rate down to the desired level.
An example of the behavior of radiation in a labyrinth is given in Figure 16.

Scattering from the air surrounding a source may become important when
the source is sufficiently strong. For example, if a single bucket of metal
were placed outdoors and shielded so that radiation could escape upward in a
cone of unit solid angle (apical angle 680), the tolerable intensity of 12.5 -
mr/hr would not be reached until the observer retreated about 40 feet from the
bucket.

Apertures

Apertures in shields may permit the escape of dangerous beams of radiation
unless they are properly designed. Such apertures include the clearances a-
round cell coers, pipes between cells and operating areas, and the like.

Frequently the aperture is small in comparison to the dimensions of the
source, so that only a small fraction of the source is able to send radiation
directly through the aperture. For example, if a straight length of pipe
runs through a heavy concrete wall and abuts on a large tank of active rolu-
tion, a man located on the safe side of the wall receives radiation only from
that part of the tank which he can see through the pipe. If the pipe were to
be plugged with concrete, the necessary length of the concrete plug would be
somewhat less than the thickness of the surrounding wall. It is therefore
apparent that if the pipe is brought through the wall along a path which is
curved or staggered so that scattering is unimportant, the radiation leakage
through the pipe may be made comparable to the leakage through the solid wall.
In general, the ends of the pipe should be out of line by at least four to
six diameters to reduce scattering through the pipe, and the pipe should be
bent so that the least possible length of pipe lies along any line drawn
between source and observer.

- 1hE -
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FIGURE 16
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Similar considerations apply in the design >f stepped shield plugs, such
as the concrete cell covers of the Canyon Buildings. Here the olearances are
kept as close as is structurally feasible, and the three steps of the plugs
prevent any crack from running more than a third of the way through the shield.

PROPERTIES OF URANIUM OF PROCESS IMPORTANCE

Properties of Uranium Metal DECL SSIFIED
Uranium is a silver-colored metal, resembling nickel in appearance and

capable of taking a high polish. The metal turns a golden color after a few
hours' exposure to the atmosphere, however, and after several days tarnishes
to a dark brown color. The metal melts at about 1100 00 (2010 OF) and the
boiling point is estimated to be about 4300 00 (77T7 OF). It is one of the
heaviest metals, having a density of 19 gs/cc. (1185 lbs./ou.ft.). Its density
is nearly twice that of lead (about 11 gm/cc.), and about the same as that of
gold and tungsten One metric ton (2200 lbs.) of uranium metal in one piece
would occupy a volume equivalent to a cube only 1 foot 2-3/4 inches on a side.
(Additional physiual proper'ties are given in Section A of this manual).

Uranium metal is fairly reactive chemically. As mentioned above, it
tarnishes eisily on exposure to air and burns briskly when heated to about
170 00 a vacuum or inert atmosphere is needed for melting the metal. The
finely-divided metal (and the dioxide and hydride) burns spontaneously in air,
and therefore "sparks" when machined, sawed, filed, etc. Finely-divided uranium
also slowly-decomposes cold water, and the reaction becomes quite vigorous. at
the boiling point.

Metallic uranium (and the dioxide) is soluble in HNO3 to form solutions of
U0 2 (NO3) 2 . A fast rate of dissolution is favored by high concentrations of ENO3and high temperatures.

Properties of Urhnium in Solution

The salts of uranium consist chiefly of two classes: (1) the uranous
U(Iv), green in color and a strong reducing agent; and (2) the uranyl, UO2+,yellow in color with a strong greenish fluorescence. The compounds of hexa-
valent uranium (UO2 +2 ) are more important than those of tetravalent uranium.
U0 2 (NO3) 2 , the product of uranium metal dissolution in BN0 3 , is very soluble
in %02 or dilute HNO3. In Figure 17 the density of aqueous solution of
U02 (N03 )2 .62 (commonly abbreviated "UNH") and the grams of UNH per liter
are plotted against the weight per cent of UME in the solution. Additional
data on densities of UNH solutions containing -uD3 and/or k2S04 and on the
crystallization teENeraturea of UNE - f0 3 solutions are given in Table IV,

414
V and VI.
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CONCENTRATION AND DENSITY OF AQUEOUS UNH SOLUTIONS
AS A FUNCTION OF THE PERCENT UNH BY WEIGHT
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DECL ASSIF lED
TABLE IV

Densities of UNH Solutione Containing HNo 3 (at 40 Oc)

LEHN03 4o% UNH 50%UN
0 1.338 1.462
2 1.354 1.48P
4 1.372 1.501

TABLE V

Densities of UH Solutions Containing HN03 and HoSO4

20 OC

1.144
1. 204
1.268
1.374
1.423
1.447
1.523
1.630

Density (gm/oo.)
35 0 50 00

1.138 1.130
1.197 1.188
1.260
1.364
1.418

1.511
1.630

1.250
1.354
1.406
1.424
1.498
1.602

TABLE VI

gryptallization Temperatures of UNH-HN03 Solutions

Crystallization
Temperature (0c)

46 - 48
49.5 - 51

49

29 - 30
39.

42.5 - 43

~< 7
20 - 21
29 - 30

< 9
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S1

16.5
a1.8
27.2
35.0
57.7
4o.o
43.0
48.3

im284
3.0
4.0
5.1
7.1
7.1
8,1
8.0
9.0

0.8
1.1
1.3
1,9
1.9
2t1
2,1
2.4

0 %_UNH
80

L HNO04% o
0
6

12

0
5.2

10.5

0

9;0
7,5

7.0

6p

50
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tUO2
2 _forms a number of compounds insoluble in aqueous or alkaline solu-

tions: Na4Up(C00* 3, BaU02(C03 )3, NaJO2(C 02)3 (at PH 3-4), U02NH4PO4-:IH20,etc. Comparatively few acid-insolble uranyt compounds are known. Uranyl
phosphate is relative insoluble in acid solutton, and precipitates slowly on
addition of H PO4 to a 1N fN03 solution of UNH. Uranyl and sulfate ions form
an undissoci d complexion, and uranyl phosphate therefore does not precipi-
tate from an acid UE solution containing sufficient 804- 2 to complex the UO2t2.This complezing action is applied in the extraction step of the separation
process.

As mentioned above, U(IV) is a strong reducing agent; it therefore follows
that it is difficult to reduce U02 t2 to U(I). Uranium exhibits other valence
states, but only the tetravalent and hexavalent states are comparatively stable
in aqueous solutions.

PROPEIES OF PLUTONIUM OF PROCESS IDPORTANCE

Introduction

Plutonium is a mber of the seventh series of the periodic table, to-
gether with such elements as radium, actinium, thorium, uranium and neptunium.
It also might be "eka-osmium", falling below osmium in the first colum of the
eighth group. In its properties it shows little similarity to the platinum
metals, (osmium, ruthenium, etc.), however, it resembles uranium and neptunium
closely in a number of respects. The U-Np-Pu similarities give emphasis to
consideration of the poesible existence of a second series analogous to the
rare earths. Such a series has been predicted a number of times on the basis
of electronic considerations, but uncertainty in the predictions still exists
regarding the starting point of the series. The principal choices appear to
be among an "actinide", a "thoride" and a "Uranide" series.

Elementary Pu is a bright silvery metallic material, which tarnishes in
air with the formation of a black film. Hydrochloric acid (6N) dissolves both
the film and the metal, with evolution of H2. The mlting point of the metal
is about 630 0C. Two forms are known, with the transition point at about
137-140 00. The form stable at the lower temperature has a density of about
19.5 gm/cc., and the high-temperature form, about 16.3 gm/cc.

Oxidation States in Solution

Solutions of the tri-(blue-violet), tetra-(brown-green), penta-(colorless),
and hexavalent (pink-orange) Pu have been produced. Pu(V) is unstable, and

more stable than Pu(V) but in the presence of air or other oxidants is rather
8 soon disappears by 

disproportionation 
to the other valence 

states. Pu(III) is

easily converted to Pu(IV). The tetra- and hexavalent forms are the most
important from process considerations.

The usual form of the tetravalent ion is one showing a brown color in

-1k7-
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solution. Under certain conditions, in dilute acid (about 0.1-0.5N H1 or
tnO 3 ), a bright green form appears; it is oxidized-and reduced more slowlythan the brown Pu(IV) and may be precipitated by the addition of HNO , 1-2%
of the stoichionetric amount of oxalic acid, or ammonia. The green orm is
usually designated as "abnormal" or "polymeric" Pu(IV) and it is believed to
be polymer of variable molecular weight.

Hexavalent plutonium is customarily considered to exist as "plutonyl"
ion, Pu02 +

2-. Th:Ls viewpoint is suggested by the similarity between compounds
of hexavalent plutonium and hexavalent uranium (uranyl), and is supported by
the oxidation-reduction behavior of the Pu(IV) - Pu(V) couple.

B, ! u(IV) can be converted to Pu0+ 2 by a number of common oxidants including
BiO3 - , r207- 2 , MnO4 -1, ce 4 , and Pb 04; under certain conditions, ENO is
also capable of slowly oxidizing Pu(IV) to Pu02+2 . Pu02+2 can in turn e re-
duced to Pu(IV) (or Pu(III) by the use of Fe+2, 803j, hydroxylamine, H2O 2,CL -2; etc. The oxidation-reduction potentials (referred to the normal
hydrogen electrode) linking Pu(III), Pu(IV) and Pu(VI) in IM HNO3 at 30-00
can be summarized as follows:

Pu(IIIV) . -. 11 Volts Pu(vI)

The close agreement of the Pu(III) - pu(IV) and the Pu(IV) - Pu(VI) po-
tential suggests that under the proper conditions all three ions may coexist.
In other words, a solution of Pu(IV) may disproportionate; such behavior has
actually been observed in dilute HN03 solutions. The amount of disproportiona-
tion is very small at lM HNO3 , but increases as the acid concentration is
lowered to O.lM.

Solubility of Plutonium Compounds

Tetravalent plutonium forms a number of relatively insoluble compounds.
Some of these, of special interest to the separations process, are listed in
Table VII. -

Other relatively insoluble compounds of Pu(IV) include the alkali fluo-
rides (KruF6 , etc.), the iodate, chromates, ferrocyanide, arsenate, and
several organic compounds.

By comparison to Pu(IV), Pu(VI) forms very few insoluble compounds. The
phosphate, fluoride, arsenate and Iodate of Pu(VI) are all quite soluble. In-

lated to be BaPu203, CaPu207, K2Pu2o 7 , etc.) formed in basic solutions. The
difference between the solubilities of analogous Pu(IV) and Pu(VI) compounds
forms the basis for the extraction and decontamination process now in use.

- 148 -
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TABIE VII

Solubilities of som Pu+4 Compounds

- -Solubility

Compound Conditions (mg. Pu/liter*)

Phosphate 20% UNn, iN H2S0, 0.6m H3Po4 about 600

1 HNO3 , 0.5M H3 P0 2  17

0.03M Fe(III) 100

Oxalate IM HN0 3 , 0.05M H20204, 0.5M M1 about 30

2 LaF3 Pf7 4  " ' 20-70

Hydroxide Excess base about 2

Peroxide 1M 3N03 , 7.5% H0 2  about 20

*Roughly equivalent to parts per million

CARRIERS FOR PLUTONIUM AND BY PRODUCTS.

General Considerations

If an element in solution is not present in sufficient concentration to
precipitate directly (i.e., at a "trace" concentration) it can be co-precipi-
tated, or carried, from solution by the formation of a precipitate of an ele-
ment present in larger amounts. The most efficient carriers are those which
have the same crystal lattice type and approximate closely the sam lattice
paromters (unit cell dimensions) as the compound to be carried - i.e., they
form isomorPhous crystals. In addition, the element to be carried must form
an insoluble (or only very slightly soluble) compound with the precipitating
anion. The most widely known application of a process of thie sort is the con-
centration and isolation of radium with the aid of barium sulfate. Radium and
barium formaisom:rphous sulfates, both of which are very insoluble. As a re-
sult, even the mst minute trace of radium in a solution can be carried on
barium sulfate precipitated from that solution.

A carrier may operate, with greater or lesser efficiency, in other ways.
If the carrier cation and the trace cation form insoluble compounds with the
same anion, good carrying may result even though the compounds are not iso-
morphous. The mechanism may be one designated as "internal adsorption", in
which the trace element is adsorbed on the surface of the carrier as the car-
rier crystal is growing; in this case, two of the three unit cell dimensions
of the carrier and compound being carried may be approximately the same. A
certain amount of carrying may be due to more or less strictly electrostatic
adsorption; this type of carrying is more efficient at lower concentrations
of the ion carried. An element may also be carried if it forms an insoluble
double salt with the carrier.

-l49-
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Although a great many compounds are known which will carry Pu(Iv) from
solution, only two are of prime importance in the separation process; bismuth
phosphate (BiPo4 ) and lanthanum fluoride (LaF3 ). Both BiPO4 and LaF carry
Pu(IV) from acid solutions when the product is present at any concenration
from very minute traces to several times the maximm expected amount in theseparations process. BiP04 i thought to parry Pu(IV) by the "internal #d-sorption" mechanism discussed above, while LaF3 may carry Pu(IV) by vfrtue ofdouble salt (2LaF3.PuF4 ) formation. The efficiency of carrying of Pu(IV) iyeither of these compounds, but especially by BiP04 is dependent on the condi-
tions of carrier precipitation; the effect of the various conditions on tW
efficiency of carrying is discessed in more detail in a later section.

Tetravalent product is also carried by a number of other compounds, including zirconium phosphate, insoluble salts of U(IV) and Th*4 (iodate, hypo-
phosphate, oxalate, etc.), mtallic hydroxides, andc e+3 and other rate earth
fluorides.

Trivalgnt product is in general carried to a greater or lesser extent by
the sam compounds which carry Pu(IV), but not necessarily with the sam effi-
ciency under similar conditions. As might be expected from a knowledge of therelatively small number of insoluble Pu(VI) (or Pu02+2 ) compounds, very few
carriers for Pu(VI) are known. -The most thoroughly investigated Pu(VI)
carrier is sodium uranyl acetate (NaUO2 (C2E3 02)3 ), which is isomorphous with
XaPuO2 (C2HLQ2 )3. BiPO4 carries Pu(VI) to only a very minor extent (about 1%
or less, w ch may be due to surface adsorption or traces of Pu(IV).)

The same can be said of LaF 3, except that under quite narrowly definedconditions (La/Pu ratio, presence of Fe(III), etc.) as mob as 25% of the Pu(VI)present may be carried.

Carriers for Fission Products

Because of the large number of individual species of fission products, itis customary to clasaify them according to their solubility in the presence ofcertain anions, especially phosphate and fluoride. A classification of the
most important by-products according to phosphate-solubility follows:

(a) Phosphate-soluble

Ba, Sr, Pr, Y, La

(b) Phosphate-insoluble

Zr, Cb

(0) Those possessing two oxidation states with different
phosphate solubilities

Ce-, RU
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In general, the elements in Class (b) (and oxidized Ce and Ru) are carried
quite well by BiP04 or other insoluble phosphates (0e3 (PO4)h or Zr0(H2P04)2)1
while those in Class (a) (and reduced Ce and Ru) do not precipitate very well
with BiPO4. This basis of classification is of cource arbitrary, but the above
classification is used because of its applicability to the BiPO4 separations
process. A classification according to fluoride-solubilities is also of inter-
est; fluoride-insoluble fission products, carried by LaY3, include the rare-
earths (La, Ce(III), Y, etc.) and also Zr.

The number of carriers for'the fission elements are not limited to phos-
phates or fluorides; a wide variety of carriers for individual or groups of
fission products is possible. In general, a fission product A may be removed
from solution by addition of a larger amount of non-radioactive A and then
addition of an anion which forms an insoluble compound with A. For instance,
a trace of radioactive Ba may be removed from solution by addition of inactive
Ba and then precipitation of BaS4.

While not exactly a "carrying" procedure, some fission products can also
be removed from solution on silica gel, ion-exchange resins, etc.

Holdback Carriers and Solubilization Agents

Although these Agents are not carriers in the sense that the term is used
in the above paragraphs, a brief discussion of them is included here since they
are of importance in the separations process. Holdback carriers and solubili-
zation agents, rather than removing a trace element (fission products or Pu)
by precipitation with a carrier, act to keep. the trace element in solution
during a precipitation.

A holdback carrier can be best defined by consideration of an actual case.
It may be assumed that under certain conditions radiolanthanum will carry to
the extent of about 3% with BiPO4. If the radiolanthanum in solution be
"diluted" by addition of a relatively large amount of inactive La, BiPOk then
precipitated under otherwise similar conditions maycarry less than 1% of
the radiolanthanum (although the total amount of lanthanum carried may be 3%
or more of the total of radioactive plus inactive La present).

A solubilization agent achieves the sawn end result, but by a different
mechanism than by the dilution effect of a holdback carrier. Specific examples
again are used to illustrate what is meant by a solubilization agent. BiP04 ,
under certain conditions, carries about 95% of the Zr in solution; in the pre-
sence of added fluosilicate (siF6-2), however, only about 15-20% of the Zr is
carried. The mechanism is undoubtedly the known ability of SiF- 2 ions to
make Zr phosphate more soluble. Similarly, the presence of Fe+3 reduces the
carrying of rare earths by BiPOk, but in this case the exact mechanism is not
]pnown. Fe+3 in sufficient concentration also interferes with the carrying -of
Pu(IV) by BiPO4 and LaF3'
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BASIC CHEMISTRY OF THE 200 AREA PROCESS

A flow sheet of the entire separations process is given in the accompany-
ing diagrams (Figures 18 and 19). The underlying principle of the various
steps of the process are presented below, but first the overall aims of the
process are briefly discussed.

The purpose of the 200 Area process is to separate the product, plutonium,
from the uranium in which it is formed; to remove practically completely from
the Pu the fission activities which are present as by-products of the pile
reaction; and to isolate the Pu, free of carrier, in a relatively pure state.
At full production levels there is about 250 g. of Pu in a ton of uranium metal,
or about 250 parts per million. After dissolution of the uranium metal, and
throughout most of the process, the Pu is present in a concentration of about
25 mg/liter, or about 25 parts per million. The amount of fission product
radioactivity associated with 1 ton of uranium metal and the accompanying Pu
must be reduded by a factor of 107 (0.00001% of the original) before the isola-
tion step of the process is reached, so that the isolation process can be
safely performed without the large amount of concrete shielding sid remote con-
trol operations necessary in the previous processing. This 10( reduction factor
for radioactivity is an example of an expression commonly known as the "decon-
tamination factor" (D.F.), which can be expressed mathematically as follows:

D.F. Fission activity initially present
Fission activity present at step in question

The gamma radiations are usually used as an index of the fission activity pre-
sent, and the decontamination factor thus determined is called the "7 D.F.".
A logarithmic method of expressing decontamination factors is also used, and
is related to the D.F. by the following expression:

SdF =: log10 D.F.

Therefore, a'D.F. of 105 is equivalent to a dF of 5, D.P. of 20 equals dF of
1.3, etc.

Metal Solution and Extraction - (Canyon Building)

The uranium slugs as received from the 100 Areas are encased in aluminum
jackets, and the first step in the 200 Area process is to remove these jackets
by preferentially dissolving them with a solution of NaOH - NaN03 , which does
not dissolve the uranium. The uranium metal and accompanying Pu and fission
products are then dissolved in hot HN03 . Some of the fission products (12,
Xe, Kr, etc.) are evolved during this metal solution step.

The Pu is then removed from the bulk of the uranium by carrying it on a
BiPO4 precipitate, with the solution being first treated with NaNO2 to insure
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the absence of hexavalent Pu. The BiPO4 is precipitated from the uranium solu-
tion in the presence of Hk8 0 4, which serves to complex the U02+2 and thereby
avoiding uranyl phosphate precipitation. The BX.PO4 extraction precipitate
carries, in addition to about 99% of'the Pu, about 10% of the fission activity
present in the metal solution. The BiPO4 is separated from the waste metal
solution by centrifugation and then dissolved in 60% HNO3 '

Decontamination - (Canyon Building)

The fission activity still associated with the product is further reduced
by processing the Pu through two "decontamination cycles". Each cycle con-
sists of two BiPO4 precipitations; the first from a Pu02+

2 solution, so that
the product remains in the solution, and the second from a Pu(IV) solution, so
that the Pu is carried on the BiPO4. The precipitation from the oxidized pro-
duct solution (usually called the "by-product precipitation") removes the
major share of the fission products, since those present at this point have
already been carried by BiPO4 and are therefore mainly at the phosphate-insoluble
class. This by-product precipitation leaves mainly phosphate-soluble fission
products in solution with the Pu, so that the following BiPOa precipitation
from a reduced product solution (the "product precipitation") carries only a
mino. portion of the remaining fission products. The efficiency of fission
product removal on the by-product precipitate can be increased by precipitating
zirconium and ceric phosphates scavengers in addition to the BiPO4 . Such a
procedure is used in the first decontamination cycle. The extent of fission
product carrying by the product precipitate is decreased by throwing down the
BiPO4 in the presence of SiF6

2, which serves to solubilize the phosphate-
insoluble fission products (especially Zr and Ob) which have leaked through to
this point.-

In the decontamination cycles, the product is oxidized by NaBiO3 in a
7.5M HWO3 solution of BiPO4 from the previous product precipitation. The
Pu02 +

2 is reduced to Pu(IV) after the by-product precipitation by heating the
solution after adding ferrous ammonium sulfate. The Fe+3 thus introduced also
side in decontamination by reducing the carrying of rare-earth fission products
on the BiPO4 precipitate.

Concentration - (Concentration Building)

At the end of the processing in the Canyon Building, the product has been
decontaminated by a factor of about 3 x 105. Before proceeding to the isolation
process, an additional factor of-at least 33 is needed. This decontamination
is obtained in the Concentration Building. Before proceeding with the isolation,
it is also necessary to concentrate the product with respect both to the volunn
of the solution in which it is contained and to the amount of carrier with which
it is associated. This is most conveniently done by switching from BiPO4 carrier
to a LaF carrier. For this reason, the operations performed in the Concentra-
tion Building are commonly referred to as the "cross-over cycle".

The first step consists of oxidation and BiPO4 by-product removal as in the
previous decontamination cycles with no scavengers being used. Before reduction,

135-
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LaF3 is also precipitated from the solution; since most of the fission activitypresent at this point ie fluoride-insoluble (La and other rare earths), anappreciable decontamination factor is obtained by the LaF3 by-product precipi-tation. The Pu02+ 2 in solution is then reduced by oxalic acid, catalyzed byM+2 to Pu(IV), which is coprecipitated with LaF 3 . The total amount of La(III)used in one charge for this product precipitation is about 2 lbs., which rep-resents a considerable reduction in anxunt of carrier compared to the amount ofBP3 (about 55 lbs.) used in the extraction precipitation.

The LaF3 is then converted (metathesized) to the hydroxide by digesting inKOH solution. The La(OH) - Pu(OH)4 is dissolved in EN03 to give a solutionhaving a volume of about b gallons, which is sent to the Isolation Buildingfor the final processing. About 90% of the original product has been carriedthrough to this point, and the fission product gamma activity associated withit has been reduced by a factor of at least lo7.

Isolation - (Isolation Building)

The La(N03 ) 3 - Pu(NO3 )j solution received from the Concentration Buildingcuntains about four times as much La as Pu (at full production levels) and alsosmaller amotimts of other impurities (K, Ca, Bi, Fe, Cr, etc.). The isolationprocess must free the product of the La and other impurities and result in afinal product nitrate at least 95% pure (with r spect to non-volatile impuri-ties). The process used to accomplish the isolation consists of two plutoniumperoxide precipitations. Pu peroxide is used as the compound for isolationfor a number of reasons including the following:

a) It has a low solubility (20-50 mg. Pu/1.), leading to small
losses or small amounts of Pu requiring recovery.

b) Under proper conditions (presence of 804-2) it settles well,
thereby avoiding the necessity for centri'ugation or filtration
procedures for separation.

c) Only a few other compounds (U, Np, Th) form insoluble peroxides
under the conditions used, and these are present only in very
small amounts. The purification obtained through plutonium
peroxide precipitation is therefore limited mainly by mechanical
leak-through of impurities in heels. An exception exists in thecase of sulfate ion, however, which probably forms a part of thePu peroxide molecule and thus is present in the final isolated
product at a mol ratio of Pu/sh = of about 2.

The product solution received from the Concentration Building is firstfiltered and then treated with ammonium sulfite to reduce any hexavalent plu-tonium which might be present, and then sulfate is added before the precipi-tation in order to provide conditions favorable to rapid settling of the Puperoxide. The precipitate is washed and dissolved in HN0 3 , the solution isfiltered and the Pa then reprecipitated as the peroxide. This second precipi-tate is washed, dissolved in ENO3 , with decomposition of the peroxide, and the
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Pu(NO3)j solution concentrated in a still. This concentrated solution is
transferred to a sample can, where it in further concentrated by evaporation
to a thick paste.

The final isolated product is usually about 98% pure; the major soluble
impurities are La, Fe and Or. Insoluble impurities are also often associated
in variable amounts with the final product. They consist mainly of 8i02 (fromthe filter media and filter aid used) and meta-stannic acid (due to the use
of Sn stabilized %O2 reagent).
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INTRODUCTION

HANFORD ENGINEER WORKS TECHNICAL MANUAL

SECTION C - SEPARATIONS

CHAPTER II - GENERAL DESCRIPTION OF TE SEPARATION PLANT

The fundamental technical basis for the separation process is outlined
in the foregoing chapter. From this description it can be seen that the
unit operations involved are in themselves quite simple, involving chiefly
the precipitat:Lon of solids under conditions of adequate agitation and the
separation of these precipitated solids from their mother liquors. The
operations are conducted essentially at atmospheric pressure and within the
temperature limitations of ordinary process steam. By the use of suitable
stainless steel alloys, the corrosion problems due to the acid media
employed are relatively minor. Hence the design and operation of the
commercial equipment to carry out this process would, under normal circum-
stances, be relatively simple and straightforward. However, the presence
of radioactive radiation at the high levels encountered appreciably com-
plicates the design, operation, and maintenance of the plant, and has
necessitated a completely new approach which is described in the present
chapter.

0
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100 Areas-

The production areas of the Hanford Engineer-Works, as shown in
Figures 1_and 2, are set up in independent, self-contained units located in
widely separated districts, because of the hazardous nature of all of the
operations involved. With this plant arrangement, damage to any unit would
not shut down the plant, since other identical units could be operated and
the wide separation of the individual units would prevent accidents in one
unit from affecting the operation of the other units. The producing units
of the plant are located in two separate operating areas, known as the 100
and 200 Areas. In the 100 Areas are the piles which produce the product.
There are three separate and identical plants in these areas known as 100-B,
100-D, and 100-F. Each unit has approximately one-third of the total pro-
duction capacity of the entire plant. The product of the 100 Area units is
the raw material for the 200 Areas.

200 Areas

The 200 Areas are located approximately 6 to 10 miles from the 100 Areas
and contain all of the operating facilities required for the storage, sepa-
ration, isolation and shipment of the product. The facilities are contained
in three main areas designated as the 200 North, 200 East, and 200 West Areas.

The 200 North Area (See Figures 3 and 4) contains facilities for the
underwater storage of metal after its discharge from the pile. In storage
the metal Is allowed to "decay" prior to its use in the separation plant.
Three separate units known as Mbtal Storage Basins (212) are provided in the
200 North Area, known as N, P, and B, each handling the production from one
100 Area unit.

The 200 East and 200 West Areas are each separated approximately 2 to
3 miles from the 200 North Area, and, in turn, are separated approximately
4 miles from each other (See Figure 1). The 200_East and 200 West Areas
contain all of the facilities for the separation, isolation and shipment of
the product, and each contains its own separate power and service facilities
as shown in Figures 5 to 18. The facilities for the separation of the pro-
duct are comprised in three separate and identical main units, known as T,
U and B. The T and U units are located in the 200 West Area, and the B unit
in the 200 East Area. Originally, a fourth unit designated as C was pro-
jected to be located in the 200 East Area, but was subsequently abandoned as
further progress in process development indicated it to be unnecessary.

Each separation unit consists of the following buildings arranged with
respect to each other as shown in the outside piping diagram, Figure 311

Canyon Building (221)

The operations of coating removal, metal dissolving, extraction, and

R 6/45 -203-
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the major portion of the decontamination operation are carried out in
this building. (See Figure 19)

Concentration (224) Building

The concentration operation and the remainder of the decontamination
operation is carried out in this building. (See Figure 20)

Waste Disposal (241) Building

The radioactive by-products of the separation process are stored here
in shielded tanks, and innocuous wastes are disposed of by introduction
into reverse flow wells or open surface ditches. (See Figures 21 and
22)

Fan House and Process Stack (291) Building

This building provides the facilities for handling the main ventilation
requirements for Buildings 221 and 224 and for disposing of gaseous
radioactive by-products into the atmosphere. (See Figures 23 and 24)

Stack Monitor (292) Building

This building houses the health monitoring equipment for the 291 Building
stack. This equipment is described in Chapter I. (See Figure 25 for
view of this building in the T Area)

Tank Farm (211) Building

This provides for the bulk storage of chemicals used in the area in
connection with the above buildings. (See Figures 26 and 27)

Service (271) Building

Provides facilities for preparation of process chemicals and serves as
administrative headquarters for the operation of the process. (See
Figure 28)

Control Laboratory (222) Building

This building houses the control laboratories for the process.- (See
Figure 29)

One unit known as Isolation (231) Building is located in the 200 West
Area and serves the three separation units. Shipping of the product is
carried out from this building. (See Figure 30)

-222-
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METAL STCA( BASIN (212 BUILDING)

During its decay period the pile metal is stared in 212 Building
(rigures 32 and 35). The metal is kept in a concrete pool under 16-1/2 to
20 feet of water. The water serves a dual purpose; absorbing the heat
generated by the active metal, and shielding personnel from the radiation.

Metal is brought into the building in a water tank on a railroad car.
The tank carries two casks each7 holding one bucket of metal (107 slugs
weighing approximately 84r, lbs.). The cask (Figure 34) is a massive lead
container, with holes in the lid and walls so that water can circulate
around the metal when the cask is immersed in the tank or transfer pits.
The lid of the cask is locked into place by sliding bars actuated through a
ratchet arrangement by an impact wrench.

In 212 Building, the cask lid is unlucked and the cask is then lowered
into one of the transfer pits by the crane. Near the bottom of the pit, the
four projecting arms of the lid are caught on steel supports. The cask is
lowered free of the lid and moved forward in the pit a short distance to
bring it out from under the lid. The bucket is then picked up with a yoke
suspended from a small hand operated trolley end lifted out of the cask by
a hydraulic lift section of the trolley track. As shown in the drawing the
bucket can then be moved, under water, from this transfer pit to a transfer
track section and then to the monorail system over the storage pool. The
storage area has a floor over the pool with slots Under the monorail tracks
through which the yokes pass. During storage the buckets remain hanging in
the pool, aspended from the overhead trolleys.

The building is provided with monitoring equipment to check the activity
of the water in the storage pool tank car. The water to be monitored is pump-
ed through a chamber in the apparatus. Hence, the cooling water adjacent to
the various buckets in the storage basins can be monitored and buckets with
fractured slug coatings giving rise to excessive activity in the water car
be located. These are removed and placed in Cell 4 of 221 Building.

The transfer of metal to the Canyon (221) Building, whether because of
fractured coatings or in the normal course of operation, is accomplished
with the cask and tank car reversing the procedure by which metal is brought
into 212 Building.

DESIGN FEATURES oF THE CANYON (221) BUILDING

The design of the separation plant was based on four essential consid-
erations:

1) Adequate protection of operating personnel from radiation.

- 2) Reote operation of process equipment.

2m6 
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3) Remote maintenance o process equipment due to the presence of high
radiation levels.

F) flexibility of arrangement and layout so that a wide range of pro-
ces steps could be undertaken without major redesign or rebuilding
of the plant. This last consideration was necessary because of the
undeveloped state of the separation process when design was initi-
ated on the project.

Protection of Personnel

The radiation hazards existing in the separation plant are those normally
associated with radioactive materials - penetrating gamma radiation and in-
tense, but relatively non-penetrating, beta and alpha radiation. Protection
from all three sources of radiation can be obtained by a suitable combination
of distance and shielding between personnel and the source of radiation. In
the separation plant, shielding is obtained almost -entirely by the use of
massive walls of concrete which also serve as structural elements of the
buildings themselves. In general, the concrete shielding is heavy enough so
that protection by distance is of secondary importance. Equipment placed
behind the massive concrete walls must be operated by remote control.

Remote Operation of Process Equipment

The remote operational control features of the design present no un-
usual aspects. Recording and indicating instruments are used to follow
temperature and density changes in process equipment, while motors and other
moving parts are controlled electrically in the usual mariner.

Remote Mtintenance of Process Equipment

Most of the unusual design features of the separation plant originate
from the necessity for remote maintenance. This type of maintenance is neces-
sary in most instances, due to the great difficulty of decontaminating a
piece of process equipment which has once been contaminated by radioactive
materials. Therefore, it is necessary to be able 'to replace and service re-
motely all of the process vessels and transfer lines which become contaminated.
In addition, it is essential that the process equipment contain no valves,
pumps, stuffing boxes or other items that require periodic inspection and
maintenance, or that in the course of ordinary ox'eration might leak or drip
process solutions. This requirement is met-by designing the process piping
is aingle lines without T's or multiple connections, and designing the vessels
to contain no bottom outlets. Pumps are eliminated by using steam jet ejectors
for all process transfers.

The process vessels themselves were designed to be removed or installed
by a specially developed crane. The operator of this crane is protected in
a heavily shielded cab and views the operations through a periscope. Piping
connections were designed which can be made or broken by means of a remotely
controlled electrically operated impact wrench which in turn is carried on the

x 6/I 
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crane. The piping itself is made up in standard prefabricated units which
can be dropped into place by the crane and then made up with the automatic
connector.

Flexibility of Arrangement

An important consideration in the design of the Separation Building was
flexibility of arrangement. At the time design was begun, the process itself
was in many respects largely undeveloped. This required that the layout be
such that not only minor changeo, but even very fundamental alterations in
the equipment arrangement and process flow could be made. In order to
achieve this flexibility, the 221 Building was designed, as far as possible,
as a group of standard units in which different types of process vessels,
pipe connections, and instrument hookups could be installed without requir-
ing structural modification. The various equipment pieces were likewise
designed to permit installation at various locations in the standard units,
as changing process requirements might dictate.

EIMENT OF THE IESIGN OF THE CANYON (221) BUILDING

The important elements of the Canyon (221) Building design are illue-
trated in the cut-away ,view shown in Figure 35.

The Connector

The most important single feature as far as remote maintenance is con-
cerned is the connector. This is a special device by which pipes, conduits
or instrument leads can be connected together by tightening a single nut.
In the remotely maintained areas, removable sections of piping have a con-
nectcr fitted on both ends for attachment to connector flanges on process
vessels and to fixed piping built into the structure.

The design of_ the connector is shown in Figure 36. The piping ends in
a short elbow provided with a machined and gasketed connecting surface and
fixed jaws for holding the pipe in place on a connector flange until the con-
nector is tightened. Proper rotation of the pivoted screw in the connector
head moves a collar carrying three hooks, or latches, which catch the con-
nector flange and force the connecting surfaces together. The latches pass
through a yoke in the connector and are so shaped that in making a connection
the yoke guides them in against the flanges, while the reverse operation
drives them back and out away from the flange so that the connector can be
lifted off. Directly back of the connector flange is a kick plate. In
breaking a connection the last few turns of the screw bring the latches
against the kick plate and force the gasketed connecting surfaces apart, thus
overcoming any tendency to stick.

This connecTor is used in all locations that are exposed to high levels

- 241 -
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of radiation from process solutions. Two variations of the fundamental de-
signs are used:

1) A pipe connector essentially as illustrated above which serves to
connect two pieces of process piping, and _

2) An electrical connector in which the piping leads are replaced
by electrical conduits and the electrical circuit is continued
through suitable spring loaded contacts made up in the body of
the connector.

The pipe connector carries single 2-inch or 3-inch pipes, or four smal-
ler pipes of 1/8 to 1/2 inch in diameter. The electrical connector which
may carry up to six separate cables with a corresponding number of contacts
serves not only to carry current for motors, but to make electrical con-
tacts for instruments such as resistance thermometers, microphones, and
motor tachotieters.

Impact Wrenc DECLASSIFIED
The connectors are operated by means of a specially constructed elec-

trically driven impact wrench carried on the crane. This wrench can be
lowered and placed on the actuating nut of the connector and turns it in
a direction either to tighten or loosen the connector as desired. The
impact feature of the wrench enables a stubbornly turning fitting to be
pounded loose in much the same way as a sledge hammer would act on a per-
suader.

The combination of connector and impact wrench enables flange con-
nections to be made up and broken with the use of the overhead crane. The
connectors are welded on to prefabricated piping, the whole assembly being
so designed that it can be lowered by means of the crane on to the process
vessel and make the desired connection, either to another vessel, or to
process and -instrument lines installed in the walls_ of the building.

The motIor speed of the originally designed impact wrench was 1560
rev./min. Initial use of this wrench indicated control of the tightening
of the connectors to be very difficult. In many instances it was found
.difficult to avoid complete rupture of the gaskets used in the connectors.
For this reason the motors driving the impact wrench were rewound to give a
motor speed of 560 rev./min. resulting in 300 to 320 impacts/minute. Using
this slower speed impact wrench an impacting period of 20 seconds was found
to be satisfactory for tightening the connectors unless they were improperly
aligned.

Crane

A 75-t electrically operated overhead railway crane is provided in
each Canyon (221) Building (See Figure 35). This crane is provided with a
heavily shielded cab which in turn operates behind a 5-foot thick wall;
thus, providing adequate shielding against radiation. The crane cab is

1 6/45 244
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provided with two adjustable periscopes and television equipment to permit
viewing of_ the canyon deck without exposure to radiation. (These instru-
ments are described in more detail in Chapter X) Together with the usual
hook for handling equipment this crane also carries two impact wrenches.
All remote maintenance work in the canyon is carried out using this crane.

A second overhead 10-ton capacity electrically operated railway crane
is provided for use in maintenance work where radioactive radiation is not
present.

Gaskets for Connectors DECLASSIFIED
OrigiTal plans called for the use of gaskets for the connector joints

to be made from the polymer, poly-tetrafluorethylene - sometimes known as
"Teflon" or G-X. This polymer possesses excellent resistance to all of the
chemicals and lubricants employed in the separation process. However, it
was found-that gaskets made from the presently available types of this
material flowed excessively when used in connectors tightened by the impact
wrench, although it functioned very satisfactorily in the hand tightened
flanges used in the Concentration (224) Building. For this reason, gaskets
for the connectors on all lines in the Canyon (221) Building are made from
about 1/16 inch thick compressed sheeting which contains 75-80 long blue
african asbestos fiber, about 13% Buna S synthetic rubber binder, and the
remainder fillers such as carbon black, barites, china clay, or zinc oxide.
This gasket material is generally designated as G-9. Tests have indicated
that the G-9 gaskets may require occasional replacerment when in contact with
high concentration nitric acid solutions. The G-9 type gaskets are coated
with flake graphite before installation in order to prevent their adhesion
to the flanges when disconnecting the connectors.

Transfer Jets

The transfer jets used for transferring all process solutions in the
Canyon (221), Concentration (224), and Isolation (231) Buildings are illus-
trated in Figure 37. Four different sizes of stcam jets are used, all of
which were built fr6m 25-12 stainless steel, and are designated by their
rated water syphoning capacity of 3, 10, 20 and 75 gallons/minute. Figure 38
gives the results of actual performance tests using the 10, 20 and 75 gallon/
minute jets at various steam pressures for the transfer of water. Figure 39
gives the calculated values for dilution of the solution being transferred
by the same jets, based on the data summarized in Figure 38, and other per-
formance tests.

Gang Valves

The steam and venting compressed air supply to the transfer jets, and
also the steam and compressed air supply to process vessel spargers in both
the Canyon (221) and Concentration (224) Buildings is controlled by means
of gang valves illustrated diagrammatically in Figure 40.

-24*5
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The individual valves making up the gang valves are of the spring
closed globe type with all working parts being constructed from bronze. On
the valves supplying steam to the transfer jets from the precipitators to
the centrifuges the guide on the standard disc is replaced by a plug con-
taining a milled slot as illustrated in Figure 40. The purpose of this slot
is to permit more accurate control of the steam supply to these jets with
resultant more uniform feeding of the process solutions to the centrifuges.

As indicated in Figure 40 the gang valves permit the following opera-
tions to be carried out dependent upon the setting of the valve:

Position 1 Normal Closed Position

Valve to operating gallery closed, valve to jet
is open, steam and air valves closed.

Position 2 Air Venting of Jet or Sparger

Gallery valve closed, jet and air valve open,
steam valve closed.

Positi~on 3 Steam Being Supplied to Jet or Sparger

Gallery valve closed, jet and steam valves open,
air valve closed.

Position 4 Jet Vented to Operating Gallery-Maintenance Position

Gallery and jet valves open, steam and air valves
closed.

Basic Process Vessel Requirements

For the most part, the bismuth phosphate process in the Canyon (221)
Building can be carried out in a series of identical equipment units which
are well adapted to the feature of flexibility arrived at in design and to
the standardization of arrangement, which is almost essential for success-

ful remote maintenance.

Standard Section

The Canyon (221) Building consists of a row of twenty approximately
40-feet long concrete sections each containing two~ cells illustrated by
Figure 42 as indicated in the process piping diagram, Figure 41.

Twelve of these concrete sections each contain a standard group of
process equipment consisting of four pieces; precipitator, catch tAnk,
centrifuge, and solution tank illustrated in Figure 43.

Most of the Canyon (221) Building operations, the extraction and decon-
tamination cycles, can be carried out in this standard grouping. For example,
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in an oxidation and by-product precipitAtion, the product is oxidized and
the by-product precipitate formed in the precipitator. The cake is separated
out in the centrifuge and sent to waste via the solution tank, while the pro-
duct solution is received in the catch tank and sent on to the next opera-
tion.

Standard Cell

The standard cell is a 13 foot by 17 foot 8 inch room. This room is
22 feet high, with 7-foot thick concrete walls, and has a 6-foot thick cover.
The cover is in removable sections and is the only means of access to the
cell. The miassive walls and cover shield personnel against radiation from
process materials within the cell. The cover sections have stepped inter-
locking edges so that there are no straight cracks through which radiation
can pass.

All pipe, instrument, sampling and control lines into te cell are
buried in the concrete and terminate in connector flanges on the cell walls.
These flanges are installed with a high degree of precision, and the cell
walls and floor are finished accurately to standard dimensions so that the
connector arrangement in the cells is fixed-and uniform. The connector ar-
rangement in a standard section of two cella and the lines through the con-
crete are shbwn in Figures 44 and 45. Each of the electrical lines contain
six leads. The other instrument, hydraulic, and lubrication lines contain
four small pipes, and the chemical feed, steam and water lines consist of_ a
single 2-inch or 3-inch pipe. The section in Figure 45 shows how piping to
the gallery is brought up in an S shape rather than straight through the
concrete in order to minimize the escape of radiation from the cell.

As shown in Figure 35, equipment is placed on the cell floor and held
in position by guides built into the cell, thus establishing a standard
relationship between the connector flanges on vessels and cell walls. It
is this standard relationship which makes remote maintenance possible, since
piping can be prefabricated to fit.

The equipment arrangement together with the services supplied by the
various connectors for a standard section consisting of two standard cells
is illustrated in Figures 46, 47, and 48. Operating flexibility is provided
for by the spare connector flanges on the cell walls which can be used to
supply additional chemical feeds, instrumentation, process transfers to or
from the pipe trench, and the like. Process transfer lines between cells in
the section are run directly through the cell walls. Because of difficulties
created by the expansion joint which separates adjacent sections, no piping
is run through the walls between sections.

Iletails of piping and equipment arrangement within each process cell
is indicated in the chapters describing the individual steps in the separa-
tion procese (Chapter III - IX).

I 6/45 24
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Cell Functions

The 221 Building facilities provide for carrying out the separation

process to the point where a decontamination factor of 10 is reached. The

following tabulation illustrates the functions of the various cells:

TABE I

Section

1

2

2

a

Cel

1 &

S4

4

4

5

6

7

8

9

10

11

12

13

14

15

1 Function

2 Storage of contaminated discarded equipment

Railroad tunnel for bringing in metal

Storage of slugs with fractured coatings.
(This cell is kept filled with water).
(See 212 Building)

6 Coating removal, metal dissolving and re-

dudtion

Coating removal, metal dissolving and re-

duction

)etal solwtion storage _

Sewage disposal, holding tanks

Sewage disposal, sewer cell

12 Spare. May be used for a by-product pre-

cipitation before extraction

14 Extraction (Spare)

16 Extraction -

i8 Treatment of waste metaL solution

20 Treatment of waste metal solution (Spare)

22 Spare, unequipped

24 Storage and oxidation of metal solutionw

26 - First decontamination cycle, byTproduct
precipitation

28 First decontamination cycle, product

precipitation

30 Treatment of decontamination wastes

-26

7

8

9

10

11 &

13

15

17

19

21

27.

2'5

27 &

29 &
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Section Cell Function

16 31 & 32 Second decontamination cycle, by-product
precipitation

37 33 & 34 Second decontamination cycle, product
precipitation

18 35 & 36 Third decontamination cycle, (Spare)

19 37 & 38 Third decontamination cycle, (Spare)

20 39 & 40 Spare, unequipped

Pipe Trench DECLASSIFIED
Process piping which carries active solutions between sections is in-

stalled in a pipe trench which runs from Section 3 to Section 20. Lines

from the cells pass through the concrete and terminate in connector flanges
in the trench. Just as in the cells, the connector flanges are held in
fixed standard position by steel supports embedded in the concrete trench
floor. The trench piping is in prefabricated sections attached to the
flanges with automatic connectors. (See Figures 49 and 50) The trench

cover is in removable sections, similar to the cell covers. Alterations and
replacements of trench piping can be made with the same remotely operated
equipment used for cell maintenance.

In addition to avoiding lines through expansion joints, the pipe trench
serves other purposes. It makes process lines accessible for maintenance
and contributes flexibility since sections can be hooked up 'through the

trench in different ways to conform to process changes. - (See Figure 51 for

a diagram oftthe trench piping.)

Pipe Gallery

All cell piping except process transfer lines is brought up to the
pipe gallery, terminating in connections on the wall. From here, connec-
tions are made to the weigh tanks and control boards in the operating gal-
lery. Remote maintenance is not required, so all connections are of the
normal type and the gallery piping is not buried in c6ncrete. Chemical
headers, electrical and steam distribution lines are also located in this
gallery. (See Figure 52 for a view of the pipe gallery.)

Operating Gallery

The operating gallery is the control center for cell equipment. At
each section is a gauge board from which control and instrument lines run to
the cells, via the pipe gallery. Weigh tanks are provided with inlet con-
nections from appropriate chemical headers in the pipe gallery (See Figure
54) and outlets to the cell vessel connections, also located in the pipe
gallerys. (See Figure 53 for a view of the operating gallery.)

I 6/45 
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Electrical Gallery

The electrical or basement gallery contains principally electrical
lines. The steam main also enters the building through this gallery.
(For a view of the electrical gallery see Figure _55.)

BUILDING NO. 271 - SERVICE BTDING

The Service Building is attached to the Canyon Building on the operat-
ing gallery side. The relationship of 271, 221, and other buildings in the
immediate -neighborhood is shown in Figure 31. The 271 Building serves for
the preparation of process chemicals and as the administrative headquarters
for the 221 Building. It is a four story building approximately 48 feet by
160 feet. The layout of the building is shown in Figures 56 and 57.

The basement floor of the 271 Building contains storage rooms of
various kinds, instrument and maintenance shops, and space to house the
ventilating equipment for the building; and in addition, the compressed air
supply for Buildings 221, 222, and 224.

The first floor contains change room facilities and additional storage
space for solid chemicals.

The second floor includes office space for supervision and the dis-
patcher's quarters. The dispatcher's office contains all the communication
facilities for controlling the movements of personnel and materials in car-
rying out the operations in the Canyon Building.

Figure 58 illustrates the Canyon Building communication network through
which the dispatcher keeps track of operating personnel in all parts of the
building. All doors giving access to the_-canyon deck or the crane cabway
are equipped with magnetically operated locks which are controlled at the
dispatcher's office. Telephones are also located-at these doors so that
personnel can obtain the dispatcher's permission to enter the building. A
communication network is provided on the main deck of the 221 Building.
Operating personnel working in this area are required to carry plug-in tele-
phones which are always connected directly to the dispatcher's desk so that
constant telephone communication can be maintained. The crane operator is
also in constant communication with the dispatcher, both by a telephone and
a two-way loud speaker communication system. An alarm system is also pro-
vided at the deck to clear personnel from this area when conditions are
unsafe. In addition, to this control of the movement of personnel to the
operating building, the dispatcher controls the process steps. Movement
of chemicals and process solutions from one part of the building to another
are cleared by the operators through the dispatcher's office, using the gal-
lery telephones located on each gauge board. Hence the 271 Building repre-
sents the nerve center of the entire process operations taking place in this
area.-

The third floor of the 271 Building containw-facilities for preparing
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CONmRL LABcRATaRY

process c hemicals to be used in the individual steps. The lines carrying
chemicals from 271 Building and the Tank Farm (221 Building) are diagrammed
in Figure5l4. A chemical control laboratory is provided on this floor to
check purity and concentrations of various chemical solutions. Access tothe crane cabway is also provided by two labyrinth access ways which dupli-cate those in the outside stairways along the face of the 221 Building.

BILDING NO. 211 - TANK FAPM DECL SSIFIED
The operating storage tanks for bulk chemicals are located adjacent to,the 271 Building, as shown in Figures 31 and 59. This consists of five

vertical stainless steel storage tanks for handling 60% nitric acid, threesimilar tanks for handling 75% phosphoric acid, and one for 90% formic acid.A horizontal stainless steel tank in also provided for storage of concen-trated nitric acid as received from tank cars together with means fordiluting this acid to working strength (60) before it is discharged to thevertical storage tanks. Three steel tanks are provided for storage of 50%caustic, an adjacent steel tank for the storage of concentrated sulfuricacid, and a steel tank on scales for the storage of anhydrous hydrofluoricacid.

BUILDING NO. 222 - CONTROL LABRAWORY

The Control Laboratory (222) Building, illustrated in Figure 28, con-tains the laboratory and testing facilities required for the necessaryprocess control analyses. The bulk of the analyses are radiochemical andconsist in preparing a small aliquot of a radiochemical process solutionin a form so that rates of radioactive disintegration can be determined.The product concentration in various steps is determined by counting thealpha disintegrating rate. The extent of decontamination is similarlydetermined.by measuring the beta and gamma disintegration rates.

BUILDING NO. 224 - cONENTPATION BUILDING

As soon as decontamination has sufficiently reduced the level of radio-activity, it is advantageous to transfer operations out of the massive
shielding of 221 Building and into a more normal type of structure, whereequipment can be cleaned and maintained in the usual manner. Therefore, thelater stages of decontamination, as well as the concentration operation, arecarried out in 224 Building illustrated in Figure 20.

The layout of the 224 Building is shown in Figure 59. It contains sixworking areas termed cells, in keeping with the designation used in the 221Building. Four of the cells, A, B, D, and E are identical and each contains
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a standard precipitator, centrifuge, catch tank, solution tank grouping.
This equipment in the main is identical in design with that supplied in the
221 Building, except that ordinary bolted pipe flanges are used instead of
the remotely operated connectors. The process piping in this building is
laid out in the usual manner. There is no pipe trench, aA piping is not
buried in concrete walls but is brought into or out of the cells through
slots.

The residual radioactivity present in the process solution is high enough
to make some shielding necessary. The required degree of protection is ob-
tained by placing 12 inches of concrete between operating process vessels and
personnel. In addition, the arrangement of proce-s vessels, concrete walls
and gallery is such that personnel in the gallery are at least 10 feet from
process vessels. This full degree of protection is only required for contin-
nous 8-hour operation. Process vessels can be approached somewhat closer,
for example, during the taking of control 'samples, provided that the length
of stay in the vicinity of the vessel is of the order of a few minutes.

The right half of Cell C is 19 feet lower that the other cells in the
building. In it is placed a receiving tank of 800 gallons capacity, con-
nected to the solution tanks in Sections 17 and 19 of 221 Building. The
process lines from 221 Building are so pitched that they drain freely into
the receiving tank of Cell C. In this way, quantitative transfers without
line holdup can be made from 221 Building to 224 Building. This pit also
contains a sump tank to collect 224 Building drainage. In the left half of
Cell C is a waste neutralizing tank similar in design and function to the
waste neutralizing tanks provided in Section 15 of 221 Building.

The equipment in Cell A is used to carry out the bismuth phosphate by-
product precipitation during the cross-over step. Cell B is a spare cell
sometimes used to carry out either lanthanum fluoride by-product or product
precipitations in the cross-over step. Cell D is the cell normally used for
the lanthanum fluoride by-product step and Cell E for the subsequent lantha-
num fluoride product precipitation. The lanthanum fluoride product cake is
separated out in the 40-inch centrifuge of Cell E, and is slurried from the
bowl of this centrifuge to an 800-gallon holdup tank in Cell F. Cell F is
used for the metathesis and solution steps of the concentration process.
Figure 60 illustrates the equipment in Cells A to C inclusive, and Figures
61 & 62 illustrate the operating gallery and chemical solution feed tanks
for this section of this building.

The equipment in Cell F consists of three agitated tanks, one unagitated
tank, and two 2 6 -inch centrifuges. This equipment is illustrated in Figures
63 to 66 inclusive. The metathesis of the lanthanum fluoride precipitate
takes place in these vessels and the resulting lanthanum and product hydrox-
ides are separated in the 26-inch centrifuge, and then washed and dissolved
in nitric -acid. The resulting solution of lanthanum and product nitrates is
stored in a small weigh tank (F-10) in a glass enclosed cage in Cell F.
(See Figure 66). This tank is rectangular in shape and is only 4 inches
thick. The purpose of this shape is to prevent undesirable side reactions,
leading to fission and loss of decontamination, by facilitating the escapeof any neutrons that may be formed in the solution.
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The centrifuges in the F-Cell are equipped with a high pressure (300
lbs./sq.in.)_water spray header containing two flat spray nozzles having
a water delivery of about 3.5 gal./min. The nozzles on this header are
positioned to cover the two lower shelves in the centrifuge baskets and
facilitate the removal of the lanthanum hydroxide cake obtained during
metathesis. This high pressure water spray system is in addition to the
100 lb./aq.in. water spray header present in these centrifuges, as in all
others in the 221 and 224 Buildings. Water pressure for each spray header
on the centrifuges is supplied by individual water pumps.

The contents of the 7-10 tank are transferred to the transfer can
(F-1) (illustrated in Figure 67) for shipping by truck to the Isolation
(231) Building.

Other features of the 224 Building are given inFigures 59 and 60.
In general, the layout is somewhat similar to that of 221 Building. The
operating gallery is on the third floor so that gravity flow of chemicals
can be used for transfer from the weigh tanks to the operating vessels in
the cells. Under the operating gallery is a small pipe gallery serving
somewhat the same function as the corresponding gallery in 221 Building.
The first floor of the building is used for storage, offices, and change
room facilities. The end of the building containing Cell F is designed on
a somewhat similar principle, although because of the smaller scale of
operation at this point of the process, a simpler arrangement of the operat-
ing gallery is provided.

200 AREA EQUIPENT OPERATING flBlS

The equipment pieces in the various piping diagrams are identified with
the operating numbers used on log sheets, gauge board labelling, and the
like.

Vessels in the 221 Building standard sections (6-10 inclusive, 13, 14
and 16-19) are designated by a number which includes the section number and
a position number, 1 to 4. Positions are numbered clockwise in a section,
starting on the far left. In 221 and 224 Buildings "right" or "left" is
referred to an observer in the operating gallery, facing the cells. The
dissolvers are all numbered 5, preceded by the section number and followed --
by L or R forthe left or right position of the section, respectively. In
the waste and storage section, operating numbers consist of the section
number followe by 6, 7, 8, or 9, numbering clockwise from the far left.
Example: 3-5-B is the right-hand Section 3 dissolver and 12-9 is the near
crude product storage tank in Section 12.

In 224 Building, a process vessel is assigned a cell letter (A to F)
followed by znber used for that type of vessel in 221 Building, disregard-
ing position. Thus B-2 is the Cell B centrifuge, since 2 is the number of
all centrifuges in 221 Building.

Y 6/45--
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A gallery tank is given the number of the process vessel to which it
feeds, followed by a letter indicating the position. The positions are let,
tered clockwise facing the gauge board with A at the left of the gauge
board, B at the right C, D, E, and F along the back wall from right to left.
All BF tanks have the position letter replaced by Y. In some instances
gallery tanks are not supplied for each position.

In the 211 Tank Farm the numbers are made up of S for all tanks, fol-
lowed by the code letter for the chemical stored in the tank, and the last
position of the engineering equipment piece number, B.P. 211-101 for Chemical
A is therefore numbered SA-101.

In the 271 Building the prefixes M or H, for mixing and storage tank
respectively, are followed by a number indicating floor and position.

Tank p sitions and numbers are given in Figures 54 and 59.

BUILDING 291 - FAN HOUSE AND PROCESS STACK

Buildirn 291 includes exhaust fans and a stack for disposal of the
various noxious fumes from 221 and 224 Buildings. The gaseous fission pro-
ducts can be safely disposed of to the atmosphere, provided they are suf-
ficiently diluted. The off-gas from the dissolver is diluted with the
ventilating _air from the 221 Building at the base of the 200-foot stack
and discharged to the atmosphere at the top. Approximately 6,000 cu.ft./min.
of ventilating air is discharged to the stack. This gives a dilution which
is sufficient in some cases to dilute the activity to tolerance levels. How-
ever, during the peak dissolving rate of the metal solution step, this is not
the case and further dilution by natural convection into the atmosphere must
be relied up-on to obtain tolerance levels. This means that safe dilution
cannot be obtained under certain weather conditions, as for example when
strong down drafts exist in the vicinity of the ventilation stack. Hence,
the operation of the dissolver depends, for disposal of the waste gases,
upon proper weather conditions. Figures 23,- and 68 show the layout of this

equipment. The vent lines from the top of the dissolver condensers are run
underground from the 221 Building to the ventilation stack. The off gases
are transferred to the stack by means of steam jet ejectors located just
before the Etack. These jets also serve to keep the dissolver under a slight
vacuum to prevent leakage of the radioactive gases into the equipment cells.

The ventilation air from the cells in 221 and 224 Buildings is exhausted
through a buried duct from 221 Building by the ventilating fans located at
the 291 Building. (See Figure 31) The dissolver off-gas is mixed with this
air between the fans and the atack as shown in Figure 68, and from there is
discharged at the top of the stack. Any drainage collecting in the base of
the stack may be radioactive and is, therefore, sent to the 221 Building
sewer system through a buried 24-inch earthenware line (See Figure 31).

As indicated in Figure 68 the 291 Building fan equipment includes one
steam fan as well as two electric fans. The two electric fans each have a

- 285 -
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capacity of 32 500 cu.ft./min. 
or a total of 65,OO-cu.ft./MA. A damper

0 arrangement in the inlet duct to 291. Building operates in a manner such 
that

about one-fourth of the total air-handled by the fais is fresh air from the

outside. Avacfum control on the inlet duct automatically starts the steam

fan should the vacuum within the 
duct drop below 2 inches of vacuum, 

which

is the normal operating condition. 
Thus, the steam fan, which also has a

capacity of about r0,000 cu.ft./min., 
acts as an emergency standby fan 

in

the event of power or mechanical failure 
of the electric fans, thus assuring

continuous exhaustion of he cells in 221 and 224 Buildings.

'VENTILATION IN AI ON (221) BUItf-DING

The Canyon (221) Building conta ns two separate and distinct systems

of ventilation. one system ventilates the p cess equipment areas, while

the other ventilates the operating 
areas.

In the ventilation of the process 
equipment areas ton separate wet 

air

washing units, each having a capacity of about 4500 u.ft./fl., feed fresh

dust free air to the crane cabway and. thus in turn to the Cell Deck Area.

The air flows through slots in the cerl look covers to the cells and pipe

trench, and then through 10-inch diameter terra cotta ducts 
from each cell

and each section of the pipe trench to the 48-inch by 
32-inch concrete venti-

lating tunnel connected. to the 291 Building. (See Figures 31, 69, and 70.)

The static-pressui'O in the crane cabway on ts cell deck is adjusted (depen-

dent upon the number of fans operated) 
to give about 0.1 inches of water

vacuum and that in the cells proper 
about 0.3 inch-es of water vacuum.

Ventilation of the operating gallery 
is accomplished by feeding fresh

dust free-air from ten air filtering and washing units distributed 
along

the operating gallery proper. Each of these units has a capacity of about

45000Cu.ft./min. Some air also flows from 271 Building into the operating

gallery. -Front the operating -gallery the air flows through gratings in the

floor to the pie glery. The electrical gallery also receives about

5000 cu.ft offreh dust free air from the 271 Building ventilating

system. Air is exhausted to the outside from the 
pipe gallery by nine

exhaust fans and from the electrical gallery by three exhaust fans, one on

each end of the gallery, and one in Section 1. The static pressure in the

operating gallery and pipe gallery is about 0.02 Inches above atmospheric

pressure, while that in the electrical gallery 
is about 0.01 inches above

atmospheric air pressure.

With the ventilating systems described above the flow 
of air is

always aiay from the operating areas towards 
the outside or into the pro-

cess area.

0
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CONCENTRATICN BUIIDING

VENTILATION OF SEVICE (271) BUIIDING

In the ventilation of the 271 Building fresh air from the outside is
drawn in through a vertical duct reaching to the roof of the building (See
Figure 70) into a central air filtering washing and conditioning unit.
From this, unit the air is fed through ducts to the four floors of the
building and to the electrical gallery of -221 Building. Air is exhausted
from the building through exhaust fans on each floor. The static pressure
is maintained just slightly above that in the operating gallery of 221
Building, such that any flow of air would be from the 271 Building.

VENTILATION OF CONCENTRATION (224) BUILDING

Air is drawn into this building on the first floor through a filterinE,
washing and conditioning fan unit having a capacity of about 40,000 cu.ft.7
min. The air from this unit is fed through ducts-to the first and third
floor and flows through openings around the chemical headers to the second
floor of the main section of this building. This unit also feeds air through
ducts to Cell F which is separate from the main portion of this building.
Air from the second floor (Pipe Gallery) of the main section of the building
is fed by blowers into each cell (A to E inclusive) near the ground level
and is exhausted to the roof in the cells proper by means of five ceiling
fans each'having a capacity of about 4,000 cu.ft./min. The static pressure
is maintained at about 0.05 inches of water in the main operating areas of
this building and about 0.2 inches of water below atmospheric in process
portion of the Cells A to E. Hence, any leakage of air takes place from
the operating areas to the cell areas. (See Figure 71 which indicates
diagrammatically the air flow in the main portion of the 224 Building.)

Fresh air is fed to the F Cell through ducts from the main conditioning
unit directly to the operating gallery, to one corner of the fee process
equipment area, and to points in the vicinity of the F-10 cage. Air flows
from the operating gallery and thi area in the vicinity of F-10 cage
through slots in the steel partitions separating them from the process
equipment area and is exhausted from the process equipment section of the
cell by means of two ceiling fans each having a capacity of about 8000
cu.ft./min. Air is also exhausted from the F-10 cage into a 24-inch earth-
enware line which is connected into the concrete ventilation tunnel of 224
Building. (See Figure 31) The process equipment-portion of Cell F is main-
tained at approximately 0.2 inches of water vacuum. (See Figure 72 which
indicates diagrammatically the air flow in Cell F.) All process vessels
and centrifuges in the 224 Building are vented to-the 24-inch earthenware
line indicated above for venting F-10 cage. A vacuum of about 1 inch of
water is maintained on this vent line resulting in a vacuum of about 0.5
inch of water on the individual equipment pieces.-
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WASTE DISPOSAL

BUILDING NO. 241 - WASTE DISPOSAL

Building No. 241 consists of a tank farm, retention pond and ditch, for
the disposal of process waste solutions from the 221 Building, and a set-
tling tank, and reverse flow well, and buried sump, for use in disposal of
the process waste solutions from the 224 Building.

Tank Farm

The general layout of the tank farm is illustrated in Figure 73. This
area as well as the other facilities are described in greater detail in
Chapter I.

Active process wastes from 221 Building are brought into the tank farm
area in buried stainless steel lines terminating -in diversion boxes. By
altering the connections in a diversion box, the flow of waste is changed
from one storage tank to another as desired. The diversion boxes contain
pipe connections equipped with the same remote maintenance connectors and
flanges as provided in the Canyon (221) Building. A portable impact wrench
control assembly is provided for-use in tightening or loosening the con-
nectors. From the diversion boxes buried stainless steel lines run to the
storage tank which are constructed of steel set in concrete. As shown in
Figure 73-the tanks are buried in order to eliminate radiation hazards and
are arranged in cascade in groups of three. The cascade arrangement allows
the suspended solids containing the bulk of the radioactivity to-collect in
the first tank of each series. It may be possible with the second cycle
waste solutions to eventually empty the tanks used for its storage when the
activity has decayed to a safe level, thus increasing waste disposal
capacity.

All process wastes from 221 Building are stored in these tanks. The
most active wastes (metal solution and first by-product precipitate) even-
tually may heat up to boiling. Tanks for the metal wastes are equipped
with air cooled. reflux condensers so that they may not boil dry. A second
series ofrtanks have outlets provided on which condensers may be installed.
The remainder of the tanks have. a number of outlets which could be con-
nected to-condensers if this should prove desirable. A series of 150-foot
dry wells are provided in the vicinity of the storage tanks to permit de-
tection of, any leakage from the storage tanks.

Retention _ond and Ditch

Two retention ponds are provided which are in parallel and which over-
flow to a ditch. The innocuous cooling water from both 221 and 224 Buildings
is piped to these ponds which are regularly monitored to prevent disposal
of active wastes above ground.
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ISOLATION BUILDING

SETTLING TANK NO. 241-361, REVERSE FLOW WELL, AM BUIfED SUMP

A settling tank and reverse flow well illustrated diagrammatically in
Figure 74 is-provided for disposal of low activity wastes from 224 Building
and wastes containing only a trace of activity from Cell 5 of 221 Building.
The settling tank is constructed from gunnite type concrete and overflows
to the dry well. The major portion of the radioactivity in the wastes from
224 Building settles out in this settling tank and the supernatant over-
flows into the reverse flow well which ends above the water table. The
Figure 75 illustrates the construction of a typical reverse flow well.

It was found in actual operation that the reverse flow wells were fil-
ling up with sand, which apparently flowed into the well casing thro'ugh the
perforations in its lower end. As a substitute for these wells buried
sumps were constructed consisting of a reinforced open bottom 12-foot by
12-foot wooden crib 4 feet high buried in gravel 18_to 19 feet below the
grade surface. These cribs are connected to the 241-361 settling tank by
means of a 3-inch stainless steel pipe. Figure 76 illustrates diagram-
matically the construction of a buried sump.

ISOLATION (231) BUILDING

General Facilities

This building is used for the isolation of the product as the nitrate
from the carrier used in the Concentration (224) Building, and evaporation
of its solutions to a viscous or semi-rigid cake for shipment.

A general layout of the area immediately adjacent to the 231 Building
is illustrated in Figures 29 and 77. Figures 78 and 79 give ,the floor
plan and Figure 80 shows the flow of ventilating air in this building.
This building, as indicated by the floor plan, is self contained with re-
gard to facilities for product isolation and for process chemical solution
preparation, process control and research laboratories, materials store-
room, minor maintenance shop facilities, and equipment for ventilation, and
waste disposal. Figure 83 is a view of one of the research laboratories.

Isolation of the product takes place in Cells 1 to 5 and the final
evaporation of the solution in Cell 6-A. Figure 81 is a view of one of the
isolation cells. The equipment in the isolation cells is described in more
detail in Chapter VIII. Figure 82 illustrates diagrammatically the equip-
ment for evaporation of the final product solution prior to shipment, and
Figure 84 the Sample Can (container for product solution) in its shipping
container.

Process solutions for recycle are returned to the 224 Building in
either the transfer can (F-1) illustrated in Figure 67, or in a tank truck.

- 295 -I 6/45
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DIAGRAM OF EQUIPMENT FOR FINAL PRODUCT SOLUTION CONCENTRATION
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S
WASTE DISPOSAL FROM THE ISOLATION BUILDING

Waste solutions from this building are disposed of through one of three
systems, a tile field for sanitary waste, an open ditch for the non-active
process and laboratory wabtes, and a stainless steel line and settling tank
connected to a reverse flow well and buried sump for active process and
laboratory wastes (illustrated in Figure 85). After several months of
operation the reverse flow wells partially filled up with sand. For this

reason buried sumps were constructed consisting of an inverted reinforced
wooden box buried in gravel 18 to 20 feet below the grade surface . A feed

line is connected to the settling tank and a vent provided to prevent air

binding. (See Figure 86 for a diagram of waste lines in 231 Building and
Figure 77 for a map of outside waste lines from this Building.)

VENTILATION OF 231 BUILDING

Because of the extremely toxic nature of the product and the fact that
its solutions in high concentration are handled in this building special
care has been given to the ventilation of this building and to the separa-
tion of product from the air exhausted from it. Figure 80 shows the flow
of ventilating air throughout the 231 Building and indicates the fan feed-
ing each room.

By means of solid doors, which are intended to be kept closed, this
building is divided into four main separately ventilated areas itemized in

Table II.

- All lalboratory and process hoods in this building are connected to a

special filter box 6n the exhaust duct leading from each hood. These
filter boxes illustrated diagrammatically in Figure 87 are packed with

special fine filament rock wool pads which filter out any product or fine
duet on which may be deposited product from the exhaust air. Four layers
of this special rock wool filter medium, total thickness of 4 inches, are
used in each filter box and each layer is sealed at its edges with a

special adhesive to prevent the air being filtered from by-passing the
filter medium. When the filter boxes were installed in this building (See

Figure 88 for a view of the installation) each one was tested in order to
insure that-it would not by-pass more than 0.25-0.50% of a methylene blue

smoke made up of particles within the range of 2-3 microns in diameter.
Tests on actual process ventilating air showed all but 0.2% of the product
content of air to be removed.

The above filter boxes are removable and extra filter boxes are on

hand so that should one become contaminated to the point that the exit may
10 be considered unsafe for breathing, it may be replaced by a new one, and

the old one buried. The exhaust air from these filter boxes is discharged
to the atmosphere through a 50-foot stack on the roof of the building from

the 15,900 cu.ft./min. exhaust fan (Equi-pment piece No. 903). A standby

i 6/45 -A208-
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SEWER LINE DIAGRAM OF ISOLATION BUILDING
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TABIZ II

VENTIIATING SYSTFM IN ISOlATION 231) BUIIDhG

Area Rooms Supply Fan - Capacity Exhaust Method

Living Area Corridors A - E inc. 901-A(17,700 cu.ft./min.) Pneumatic roof damper opens at
0.01 inch water pressure

Living Area Room 7 and Second Floor 901-A and D

Livin& Area Rooms 8-18 inc., 29 and 30 901-fl(16,400 cu.ft./min.) To corridor A or D etc. and fan
904

Living Area Rooms 19, 20, 22 - 26 inc. 901-D Fan 904 and pneumatic roof damper

Living Area Rooms 46 - 50 inc. 901-A Fan 905 and pneumatic roof damper

Piant Area Cells No. 1 - 6 inc. 901-B(13,200 cu.ft./min.) Automatic damper to roof and Fan
903 to hoods set for -0.10 inch
water

Instrument Area Rooms 27, 36 and 37 902-0(13,500 cu.ft./min.) 902 exhaust to air shaft, rooms
set to be above + 0.12 inches
water

laboratory Area Rooms 31 - 35 inc. 901-0(14,700 cu.ft./min.) Automatic dampers to 903 fan
(capacity 15,900 cu.ft./min.) set

Rooms 38 - 45 inc. to maintain suction of 0.10 inch
water

Vaults A and B
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TEOROLOGICAL BUILDING

steam engine driven exhaust fan is also provided in parallel with this
exhaust fan for emergency use. Vacuum on this system is maintained at
6 inches of water by an automatic damper, and on each filter box at 1
inch of water by individual automatic dampers.

In order to avoid dust, all persons entering this building are re-
quired to wear clean canvas covers on their shoes or change to shoes which
are always kept within this building. All persons entering processing
areas are also required to change to clean coveralls or wear clean smocks
in order to avoid contamination of their clothing by product.

T3ROLOGICAL OBS1RVATION (622) BUILDING IE iS I
General Facilities

Near the 200 West Area (See Figure 1) is located a 408-foot meteoro-
logical observation tower, together with an attendant building housing
equipment for the automatic measurement and recording of wind direction,
wind velocity, relative humidities and air temperatures. This equipment
is known as 622 Building - 200 West Area. (For a view of this tower see
Figure 89.)

This equipment is provided for the purpose of securing information
(a) for the use of the operating personnel in the 200 areas in scheduling
their dissolie operations and estimating the dilution factor to be expected
on stack gases, (b) to provide the electrical department with forecasts
regarding high winds (wind velocities more than 25 miles/hour at 50 feet
above the surface), and (c) to be prepared at all times to issue a fore- -
cast of the wind direc.tion and wind velocities over the northern half of
the reservation in the event of an emergency disturbance at any of the 100
or 200 Areas.

Since it was expected that under certain conditions the stack gases
would be ejected to considerable heights above the stack top (200 feet
high), a 4 08 -foot tower was constructed to permit the various instruments
to be exposed to a height which would approximate the elevation to which
the stack gases would possibly be ejected. Furthermore, the tower, which
is triangular in cross-section, was oriented so that the instrument booms,
which extend perpendicular to the tower, are pointed northwest, that being
the prevailing wind direction. The tower is constructed from painted -
structural steel angles bolted together. A steel safety ladder is provided,
reaching to the top of the tower with landings approximately every 16-18 ft.
apart. A small 75-lb. capacity elevator is provided for maintenance pur-
poses.

Air Temperature Ltasuring Equipment

Air temperature measurements are made at every 50 foot elevation, using
Leeds and Northrup nickel resistance thermometers, which are connected to an

1 6/4- A214 -
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eight-point Micromax recorder. Identical thermometers measure the air tem-
perature at 4 feet above ground level, and the soil temperature 0.5 inch
below ground level, which are connected to a separate two-point Micromax
recorder. The temperature indicated by the soil -thermometer is in propor-
tion to the amount of solar radiation being received at-the ground surface,
which in turn affects the stability of the air, i.e. the "lapse rate". All
-of the resistance thermometers except the soil theriometer are shieldedxfrom
the direct rays of the sun and from ground radiation of teat. In order to
insure true air temperature measurements the theriometers used for measure-
ment of air temperatures are aspirated by means of a 200 cubic foot per
minute capacity exhauster. This rate of aspiration is considered rapid
enough to nullify the effects of solar heating, teat reflection, or re-
radiation-from the ground.

Wind Direction and Velocity Masuring Instruments

Gurley electronic wind velocity anemometers and wind directive trans-
mitters are located at 50-foot and 100-foot intervals on the tower, which
are connected to- sterline-Angus recorders. The vind velocity transmitters
and recorders are designed for an accuracy within 2% of full scale (100
miles/hour), and the direction transmitters and receivers are designed for
an accuracy within 20 of the actual (true) direction. (In order to. obtain
information as to the wind direction and velocity conditions in the 100 Areas,
wind direction and velocity units were erected on-the patrol area headquarters
buildings in each of the 100 Areas. The radio operators telephone the 622
Building each hour on the half-hour to report the current wind direction and
velocity.)

Humidi-ty Masuring Instruments

Bristol humidity measuring instruments and transmitters are located at
4 feet, 100 feet, 200 feet, 700 feet and 400 feet above the ground surface
on the tower, which are connected to recorders in-the adjacent building.
These instruments are- designed for anaccuracy ofz'%.-

The above instruments provide facilities for- the determination of:-

1) The vertical air temperature gradient (commonly called
the "lapse rate").

2) The horizontal wind velocity at various levels, ircluding
that at-the 291 Building "stack top" heights.

) The vertical wind velocity gradient.

4) The wind directton at the 291 Building "stack top" levels.

5) The difference in wind directions between levels, called
the "shear" in wind direction between layers.

6) The relative humidity at the various levels.

-A216-



L

STACK MONITORING 292 BUIIDING

This is a small building located in close proximity to the Fan House
and Process Stack - (291) Building and houses the instruments for monitor-
ing the exhaust gases from the stack. The equipment is described in
general under Chapter I.

GENERAL 200 ABEA SERVICE FACILITIES DECLASSIFIED
In addition to the foregoing described process buildings, general

power and maintenance facilities are provided in each of the 200 Areas.
The 200 West Area also includes the Central Shops (272-W) for the entire
plant. The 200 East Area includes the Heat Treatment (27.-E) Building,
shich is suitable for the heat treatment of large stainless equipment,
and the Fabrication Shop (272-3), which is equipped for the fabrication
of the remote maintenance equipment and piping used in the Canyon (221)
Buildings.

A Laundry (272.-W Building) is located in the 200 West Area, wfich
possesses facilities for the laundering of all of the coveralls and
uniforms used by th; operators in the process buildings. First Aid Build-
ings (2719, Storerooms (2713), Supervisor's Offfices (2704) and various
buildings forstorage of equipment are also located in each area.

A complete list of buildings in the 200 Areas is given in Table III.

Table IV lists the steam water and compressed air services to the
various buildings.

Table V gives the electrical services to the various buildings.

I 6/45 - A217 -
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BUILDING LIST

TABLE III

LIST OF BUILDINGS IN THE 200 AREA

Note: When the building is located in the East Area

followed by the letter E and when in the West

letter W. (See Figures 1, 5 - 18 inclusive)

Building No.

211
212
213
216
221

221-Head End
222
224
231
24.1
251
252
253
271
272-E
272-W
273-E
274
275
282
283
284
288
291
292
2607
2701

2704
2707
2709
2713
2715
2716
2719
2720
2722
2723-W
2729
2730
2731
2734
2743
2905

622

the number is
Area by the

Building Name ir -D

Tank FarmsDE A
Metal Storage Basin
Product Stcrage-agazine
Waste Disposal Trench
Canyon Building
Hot Semi-Works Building
Control Laboratory
Concentration Building
Isolation Building
Waste Disposal
Primary Substation
Secondary Substation
Distribution Substation
Service Building
Fabrication Shop
Central Shop
Heat Treatment Building
Machinery Storehouses
Chemical Storehouses
Reservoir and Pump House
Filter Plant
Power House
Ash Disposal Basin
Fan House; Process Stack
Stack Monitoring Building
Septic Tanks
Gate Houses; Area Badge House;

H.I. Laboratory
Supervisor's Office
Change House
Fire Headquarters
Storerooms
Oil and Paint Storage
Automobile Repair Shop
First Aid
Patrol Headquarters
Paint and Biggers Shop
Laundry
Extra Mohinery Storage
Salvage Yard
Burning Pit
Cylinder Storage
Gate House and Guard Tower
Wells and Pump House
M1teorological Observation Tower

- A218 -
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TABLE IV

STEAM, WATI|, AND COMPR|SME AIR SERVICES IN VARIOUS BUILDINGS

2I Building

Unfiltered Raw Water:- 10-inch line, 110 lbs/sq.in. minimum pressure
at pumping station.

Treated and Filtered Sanitary Water:- 8-inch line, 100 lbs/sq.in.
pressure.

Steam:- The steam supply enters as an 8-inch line at 225 lbe/sq.in.
pressure and is reduced in the building to 125 and 15 lbs/sq.in.

Procesu Compressed Air:- A 4-inch line at 110 lbs/sq.in. pressure
-is supplied from 271 Building.

Instrument Compressed Air:- A 4-inch line at 80 lbs/sq.in. pressure
is supplied from 271 Building.

271 Building

Unfiltered Raw Water:- A 4-inch line at 110 lbs/eq.in. pressure is
supplied from 221 Building.

Treated and Filtered Sanitary Water:- A 4-inch line at about 100
lbs/aq.in. pressure is supplied from 221 Building.

Steam:- Four 4-inch lines are supplied at 125 lbs/sq.in. pressure
from 221 Building.

Procest Comressed Air:- A 4-inch line at 100 lbs/sq.in. pressure
in provided from compressors in the Building.

Instrument Compressed Air:- A 4-inch line at 80 lbs/sq.in. pressure
* is protded from compressors in the Building.

211 Building

Unfiltered Raw Water:- A 4-inch line is supplied from 271 Building
at about 100 lbs/sq.in. pressure.

Treated and Filtered Sanitary Water:- A 3-inch line is supplied
from 271 Building at about 100 lbs/eq.in. pressure.

Steam:- A 2-inch line at 15 lbs/sq.in. pressure is supplied from
271 Building.

Compressed Air:- A 2-inch line at 15 lbs/sq.in. pressure is
supplied from 271 Building.

- 6/45- A219 -
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2214 Building

Unfiltered Raw Water:- A 6-inch line at 110 lbs/sq.in. pressure
is supplied from the pumping station.

Treated and Filtered Sanitary Water:- A 4-inch line is supplied
at about 100 lbs/sq.in. pressure.

Distilled Water:- A still and storage tank is supplied.

Process Steam:- A 3-inch supply line in provided for each of 15
and 125 lbs/aq.in. pressure.

Heating Steam:- A 6-inch supply line is provided at 15 lbs/sq.in.
pressure.

Instrument Air:- A 2-inch line is provided at80 lbs/sq.in. pres-
sure vtth a Bailey filter in the line.

Process Air:- A 3-inch line is provided at 100 lbs/sq.in. pressure
with an Adam filter in the line.

292 Building ECOTH
Steam:- A 3-inch 225 lbs/sq.in. line is supplied.

Treated and Filtered Sanitary Water:- A 2-inch line is supplied
at about 100 lbs/sq.in. pressure.

291 Building

Steam:- A 3-inch line is supplied at 225 lbe/sq.in. pressure.

Compreised Air:- A 1}-inch line is supplied at 100 lbs/sq.in.
pressure.

222 Building

Treated and Filtered Sanitary Water:- A 3-inch line at 100 lbs/sq.in.
pressure is supplied, which is reduced to 30 lbs/sq.in. pressure.
About 180 gal/hour of heated sanitary water is supplied at 16007.

Distilled Water:- A still is supplied.

Steam:- A 3-inch line at 225 lbs/sq.in. pressure is supplied to
the vacuum system and change rooms. A 1}-inch line at 30 lbs/sq.in.
pressure is reduced from the 225 lbs/sq.in. line, and supplies the
still and hot water heater. A 4-inch line at 10 lbs/eq.in. pressure
supplies steam for heating.

I 6/45 - A220 -
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Compressed Air:- A 1k-inch line at 100 lbs/sq.in. pressure is
supplied to the inside wall, and is reduced to 20 lbs/sq.in. for
use in the Building.

Vacuum:- A line at 24 inches mercury vacuum with a capacity of
15 lbs. air/hour is supplied from a steam jet.-

Gas Supply:- bthane, propane, and oxygen is supplied in cylinders.

231 Building

Unfiltered Raw Water:- A 6-inch line is supplied at 110 lbs/sq.in.
pressure from the pumping station.

Cold Treated and Filtered Sanitary Water:- An 8-inch line is
supplied at about 100 lbs/sq.in. pressure, and is reduced to 50
lbs/sq.in. for use in the process areas.

Hot Treated and Filtered Sanitary Water:- A 3-inch line provides
25 gal/min of 160OFi water.

Chilled Raw Water:- A 3-inch line is provided supplying 50 gal/min
at TUCK.

Distilled Water:- A 2-inch line is provided from a 500 gallon
storage tank, and still.

ProcessSteam:- A 6-inch line at 225 lbs/sq.in. pressure supplies
the Building. A 4-inch line at 50 lbs/sq.in. pressure is reduced
from the 225 lbs/sq.in. line (3600 lbs/hour).

Steam:- A 10-inch line supplies 15 lbs/sq.in. steam
lbe/hour).

Compressed Air:- A 4-inch line supplies 300 cu.ft./min of free
air at 100 lbs/sq.in. pressure from compressors. A 4-inch line
supplies 75 cu.ft./min at 40 lbs/sq.in. pressure.

Vacuum:- A 3-inch line supplies 228 cu.ft./min free air capacity
at 22 inches of mercury vacuum.

Gas Supply:- '-Oxygen, methane, hydrogen, and propane gases are
supplied in cylinders and is piped to the various laboratories.

- A221 -I6/45
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EMSCTICAL SERVICES

TABLE V

ELECTRICAL SERVICES INPROCESSING BUILDINGS

Building

221

224 _

222

291

292

241

231

231 Sump

Voltage

440
110/220
110/220
2300

44o

110/220

440
110/220

440
110/220

440
110/220

440
110

44o
110/220
110/220

44o
110

Phase

Transformers
Transformers
Em.Transformers
Direct

Local
Local
Local

Local
Local

Local
Local

Local
Local

Local I
Local

Transformers
Transformers
Em.Transformers

Total
Capacity

1800 IWA
350 XVA

30 KYA

420 H.P.
72 KW

2 KW

12 H.P.
34 Kw

80 H.P.
5 KW

0.75 H.P.
3 KW

1 at 3 KW
I at 32 KW

300 EVA
100 KVA

3 KVA

Local 15 H.P.
Local ----

Electrical power is received in the 200 Areas at 13,800 Volts thriee
phase current. It is distributed as 2300 Volts and transformed at
the point of use to the voltages indicated.

A 750_KVA Generator in the power house is available for emergency
use in the event of the failure of the main power source.

A 2300 Volt - 3 phase emergency line serves small emergency 110-220
Volt transformers at the 221 and 231 Buildings, in the event of
failure of the main electrical power sources to these buildings.

All buildings have battery operated emergency lighting systems which
turn o6n automatically in the event of the failure of the regular

/ power services.

I 6/45 A222-
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aFEECES

PEFEBENCES

1) Complete List of Blueprints of Equipmfent and Buildings in

the 200 Areas, Blueprint File B.P.F. 22

2) Repol' TNX. - PG - 13, Parts I and II, "Start-Up Manual -

Hanford Engineering Works 200 Area"

3) 200 Area Operating Manual, Part III - "Building 221

Diss6lving"

4) Report CN-.1879 and Supplements

5) "Equipment History Wnual" DECLASSIFIED
6) Purchase Requisitions for Equipment in 200 Areas

7) Design Division Engineering Department Specifications

for Project 9536 - Hanford Engineer Works

8) Material and Equipment List - Hanford Engineer Works

lo
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CHAPTER II - GENERAL DESCRIPTION GF THE SEPARATION PLANT

Air temperatures, A214
Area Layout, 203
Buckets, 236
Building list, A218
Canyon Building, 203, 236

-ventilation, 287
-design features, 236

Casks, 236
Cells, 254
Chemical preparation, 273
Coating removal, 203
Communications system, 268
Concentration Building, 222, 273
Connectors, 240, 241
Control Laboratory, 222, 273
Crane, 240, 244
Decontamination, 222
Dispatcher, 268
Dissolving of metal, 203
Electrical

services, A222
;Gallery, 261

Equipment names, 283
Extraction, 203
ran House, 222, 285
Functions of buildings, 203
Functions of cells, 260
Gang valves, 2415
Gaskets, 245
Humidity measurement, A216
Impact 'rench, 236, 240, 244
Isolation, 222, 295
Jets, 245
Laboratory, 222, 273

Layout of plant, 203
Metal dissolving, 203
Metal storage, 203, 236
Meteorological Building, A214
Operating Gallery, 261
Operating numbers, 283
Piles, 203
Pipe Gallery, 261
Pipe Trench, 261
Process Stack, 222, 285
Production areas, 203
Product storage, 222
Radiation, 240
References, A223
Remote control, 240
Retention Pond, 293
Reverse Flow Well, 295
Sections, 250
Separation unit, 203
Service Building, 222, 268, 290
Service-Facilities, A217, A219
Settling Tank, 295
Shielding, 275
Spargero, 245
Stack Monitor, 222, A217
Storage basins, 203, 236
Sump, 295
Tank Farm, 222, 273, 293
Transfer jets, 245
Transfer of metal, 236
Trolley, 236
Waste disposal, 222, 293, A208
Wind measurements, A216
Yoke, 236
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INTRODUCTION

DECASSIFIED

BANS]) ENGINKE3!R WORKS TECHNICAL MANUTAL

SECTION C - SPARATIONS

_OHA'ER III - PROCESSED METAL STORAGE AND HANDLING

The special considerations necessary in the storage and handling of
processed m-tal are discussed in this chapter. Metal processed in the
pile reactida must be stored for a period of time to allow decay of ac-
tivity before it is processed.

- 301 - nm
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DECAY PROCESS

Pile metal is stored 35-60. days before processing. This storage period

is necessary to allow the decay of activities which are due to the presence

of Np2 3 9 , radioactive gases in the processed metal, and various short-lived

elements. The decontamination required and obtained-during the separation,
concentration and isolation processes is in addition to that obtained by

decay during the storage period.

The Presence of Np239 in the Fresh Pile Metal

The product is formed by the reactions:-

- * - u 3 i *+ 
a soft gamma ray

92 239 Np239 pu239

The Np239, with a half-life of 2.3 days, is present in significant
amounts, for example, 3% of the weight of product at shutdown after 100 days
pile operation. This element is similar to product in chemistry and tends
to follow it through the separation process although it is eliminated to a
considerable _extent during the extraction and decontamination process. Elimi-
nation of the Np 2 3 9 in decontamination tends to give a loss of product yield,
since it decays to product on aging. However, after'35-60 days cooling this
effect is negligible. On the other hand, presence of the soft gamma emitting
Np2 3 9 in product solutions in the later stages of the concentration and iso-
lation operations would upset any plan for bringing the decontaminated product
out from behind shielding.

Figure 1 indicates, as a function of the decay time, the activity due to
Np2 39 in 1 metric ton of metal containing about 100 g. product/ton of metal.

If the assumption is made that none of this activity is eliminated in the
separation process, it is evident that process solution cannot be brought out
from behind shielding before approximately 60 days, although the heavily
shielded canyon operations can be started earlier. Actually, however, the
Np239 is reduced by a factor of approximately 100 during processing in the
Canyon and Concentration Buildings, thereby reducing the time from 60 days to
approximately 45 days.

The Presence of Radioactive Gases

Among the radio-elements in the processed metal are xenon, iodine, and
ruthenium. All of the xenon and part of the other two elements are volatilized
during the dissolving operation and discharged to the atmosphere through the
291 Building stack. These gases require dilution with an enormous volume of
air to make the atmosphere in the vicinity of the stack safe. This feature
is discussed in Chapter IV of this section of the manual.
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FIGURE I

Np239

FIGURE I

ACTIVE IODINE, XENON, AND 93239
IN ONE METRIC TON OF METAL.
100 DAYS OPERATION AT 1000 KW/TON.
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MtAY PROCESS

Figure 1 shows how the 8-day iodine and 5.4-day xenon contents of pile
metal decrease during the decay period. Safe disposal of the dissolver off-gases is made lese difficult by aging the metal before processing.

The decrease of the gross activity in a bucket of metal after 5-day and
30-day lag storage periods is indicated in Table I. -'This activitz does notfall off as rapidly as that associated with iodine, xenon or Np2 3 because
the total activity is largely due to longer-lived radio-elements and theirdaughters.

TABLE I

Shielding Required by Bucket (825 lb) of Metal Processed 100 Days at 1000 EW/Ton

Heat Evolved, Safe Distance, Minimum Shield, In.
Stage in Process BTI/Min. Ft. Lead Concrete Water

Pile Bldg. (1 hour) 426 1200 12 53 112

212 Bldg. (5 days) 58 800 11 48 98
Canyon Bldg. (30 days) 21 60o 10 45 92

Table II gives the more important sources of radiation in the metal after100 days pile operation at a power level of 1000 kilowatts/long ton, followed
by 30 and 4 5-day cooling periods. These calculated-results may be in error byas mch as a factor of two but serve to illustrate the chief fission elementswhich met be eliminated during the decontamination process. (See Chapter Ifor a complete list of the fission elements present after various cooling periods
and their radioactive properties.)

The Presence of Short-Lived Fission Elements

Whereas the decay -? Np239 and radioactive gases is the principal reason
for storing the metal before dissolving, the decay of the short-lived (half-
life of 30 days or less) fission elements is also important. In general,the process decontamination factor is independent of-the cooling time (30-60
days), which means that with shorter cooling times, more fission activityoccurs with the final product. A useful approximate rule for estimating thegross mixed fission activity at any time is that the half-life of mixed fissionactivities at any time is equal to the total cooling at that time.
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TABLE II

Radioactive Energy Released by Metal Processed for 100 Days at 1000 KW/Tqn

Power Generated (Watts)/Long Ton Metal

30 Days Cooling 45 Days Cooling

Half -Life

55 days
30 years
57 days
60 hours*
65.days
35 days*
330 days
4o days
32 days
8 days
36 years
12.5 days
40 hours*
28 days
17 mins.*
13 days

*Effective half-life is longer than value
lived parent.

indicates because of long-

a

a'7j
C

C

Element

Sr

y

zr
Gb
Ru

Te
I
Os
Ba
La
Ce
Pr

Beta

75
0.4

68
1.5

18
18

7.6
6.8
3.6
2.6
0.5

26.0
48.o
32.0
59
22

390

Gamma

110

lP0

29
1.Q
3.7
0.8

140
28

432 5

Beta

62
o.4

56
1.5

21
23
10

5 2

2.5
0.7
0.5

11
21
21
56
10

301.8

Gamma

92
120

22
0.7
1.0
0.8

54
19

309.5
Totals
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METAL HANDLING

Metal is received in the 200 Areas in buckets containing 105 slugs each,approximately 825 pounds, and is not normally removed from the buckets until
it s dumped into the dissolvers. It is received and stored in the 212
Bu lding Storage Bae n until ready for the dissolving operation in the Canyon
Building.

For transportation purposes, a bucket is placed in a cask (Figure 34 ofChapter II) which has 12.5-inch thick lead-filled; walls to provide shielding
so that the metal can be safely moved about the plant. (With this amount of
shielding, the normal radiation level at a distance of about 2 feet from the
casks entering the 212 Buildings from the 100 Areas was found to be approxi-
mately 0.5 mr /hour.) The decay process in a 1-ton batch of metal (100 days,
250 g. produot/ton of metal) generates heat at the rate of about 23,000 BTU/
hour as rece. ved in 212 Building at 5 days cooling and 7,200 BTU/hour as re-
ceived at the Canyon Building after 35 days storage. (A calorimeter test,
to measure the rate of heat liberation, is described in the Appendix ) This
heat can cause enough temperature tise to damage the slug coating unless means
of heat removal are provided. For this reason, the flat care on which the
casks of metal are transported are provided with water tanks. One cask canbe loaded in each of the two tanks on a car. The water is criculated by con-
vection bhrough tubes leading into the casks. In order to minimize escape of
radiation, the tubes are led through the cask walls on an 8 curve, and the
cask cover and seat have stepped edges. To facilitate water circulation, andprevent the development of hot spots the bucket has a perforated skirt and
bottom. Casks containing active metal are immersed in water at all times ex-
cept during crane operations in 212 and 221 Building.

The procedures by which metal is moved into 212 Building, stored, and takenout are described in Chapter II of this section of the manual.

The metal, in buckets (but not in casks) is stored in 212 Building under
19 to 20 feet of water, which is supplied from two wells, one of 600 gal/min.
and one of 1000 gal/min. capacity This depth of water is fully adequate forshielding purposes. A normal water flow of 100 gal/min. prevents development
of high localized activity at points where slight corrosion occurs. Thismixing and dilution action is the chief purpose of the water circulation, as
only a small flow is needed to prevent an excessive temperature rise. (seeFigures 2 to 5 inclusive :i.uich summarize the calculated heat evolution from
metal in 212 Building and the cooling water required for bombarded metal fromvarious levels of operation in the piles.) In the first 8 months of operation
when using the_ above 100 gal/Min. water flow, a 1.000-temperature rise of thecooling water was the maximum observed. The fresh well water temperatures re-mained at 17 - 19.

The 100 gal/min. water flow is not adequate, however, if fractured slugsare present. The metal ,corrodes readily and if coatings are broken radio-
active matter becomes dissolved and dispersed in the water. In this case theflow can be increased to 1000 gal/min. to reduce the specific activity of thewater until the "hot" buckets are located and removed.
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Laboratory monitoring of the storage basin cooling water over the first
8 months of operation showed 20 to 40 beta disintegrations/(min)(ml), which
is considered innocuous.

The buckets containing slugs with damaged coatings are stored in Section
2-R (Cell 4) of the Canyon Building until they are ready for processing. This
cell is provided with a waterproof lining and is normally filled with water.
The overflow from Section 2-R (Cell 4) discharges into the "haunch" sewer along
with the Canyon Building cooling water wastesP ap that there is adequate dilu-
tion of the active effluent. In the first 8 months of operation no damaged
slugs were found. which required storing in the above special cell in the Canyon
Buildings.

Metal is brought into the Canyon Buildings in the tank cars, three-fourths
of a metric ton/car. Two cars are brought in at one tim with four cars being
required to charge one dissolver.

These cars enter the building through a 150-foot railroad tunnel which
goes through the front wall at cell level into Section 2-L. The purpose of
the tunnel is to provide a long and well shielded sntrance so that the acci-
dental spilling of a bucket of slugs on the cell floor cannot cause dangerous
radiation hazards outside the building.

The mtal coming into the Canyon Building is charged directly from cask
car to dissolvers, except in the .case of buckets containing damaged slugs
coming in for storage. The charging operation is carried out with the overhead
crane. To prepare for receiving the metal, two cover blocks are removed from
Section 2-P and from one of the dissolver cells (3-L, 3-R, and 4-L) and the
lid on the dissolver itself removed. (See Chapter IV)

The unloading and charging operations create the maximum radiation hazard
existing in 200 Areaeoperations.- The canyon is closed to all personnel and
the locomotive bringing cars into the building must withdraw beyond the tunnel
entrance before bucket handling begins. This procedure is controlled by the
dispatcherthrough phone connections to the crane operator and building en-
trances ani the electrically locked doors of the tunnel and canyon deck.

The Crane operator lifts the cover off of the car, unlocks the cask with
an impact wrench, picks up the cask lid with a yoke and places it on one end
of the car. The bucket is then lifted out of the cask, brought over the dis-
solver and lowered into the charging opening. As shown in Figure 6, the
bucket is lowered onto the hooks in the dissolver opening, being guided to
them by the centering guides. As the crane operator continues to lower the
bucket yoke, the lower lugs of the bucket catch on the hooks causing the
bucket to tip forward and to dump the slugs into the dissolver. When this
operation has been completed, the bucket is lifted-up, rinsed in water in
Section 2-R to remove any active dissolver solution and replaced in the cask.
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The canyon deck is unsafe for personnel during the charging operation
while buckets are in the air. _No personnel is permitted in the canyon or
tunnel when either a full or empty slug bucket is being transported. It may
also be unsafe in the tunnel or canyon when a cask lid is removed. Radiation
from hot mtal in an uncovered dissolver cell can, by means of "sky shine",
render the canyon or the car tunnel unsafe for personnel. However, at radia-
tion levels encountered during the first 8 months of operation, it has been
considered safe to take samples from Section 8 and beyond while the dissolver
cell covern are removed, even with 3 tons of metal in the dissolver.

Laboratory measurement on the beta activity present in the cooling water
surrounding the casks on the railroad cars returning to the 212 Buildings from
the 200 Ar5as have shown 20 to 100 beta diuintegrations/(min)(ml), while the
cooling water in those returning from the 100 Areas have shown an average of
50 disintegrations/(min)(ml).

After eight buckets have been loaded, the dissolver lid and cell covers
are replaced; the coating removal procedure as described in Chapter IV may
then be started.
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APPENDIX.

bfASWEMENT OF RATE OF BEAT EVOLUTION FROM ACTIVE METAL

Using the dissolver as a calorimeter, it is possible to measure experi-
mentally the rate of energy release during the decay process. Data have been
obtained in B Canyon Building on the standard 3-ton charges of metal plus a
metal heel of about 1 ton; the so4ium nitrate solution employed in the coating
removal step was used to absorb the radiations from the metal. The procedure
is as follows:-

1) Load 3 tons (8 buckets) of metal on top of metal heel to make
approx. 4 tons total.

2) Add the NaNO3 solution to cover the slugs.

3) Turn off condenser water and jacket water. With the air sparger
on, turn on the coil water and cool the dissolver to 30-40
below cell temperature. Maintain this condition for about 6
hours.

4) Shut off air sparger and coil water and reduce the vent jet
pressure to give only about 1 inch of water vacuum in the
dissolver.

5) Allow the dissolver temperature to increase and record the
time required to rise from 2.50C below cell temperature to
2.500 above cell temperature.

In calculating the heat capacity of the dissolver, the following items
are included; mtal wfight, dissolver weight, NaNO3 solution weight, jacket
and coil water weights, and the weight of the UNH heel from the previous run.
In the cases studied, the heat capacity of the system has been estimated to
be 5575 BTU/OF. The temperature of the column, condenser, and packing material
does not change appreciably during such a test, and the heat lost from the
system via the vent gas is less than 1 BTU/min.

In a typical test, 3 tons of metal containing about 214 g./ton metal
and cooled 28 days were charged on top of an approximately 1 ton heel con-
taining about 176 g. product/ton and cooled 35 days. Heat was evolved at
an average rate of about 100 BTU/(min)(ton). Possible sources of error in
this procedure are (1) agitation during heating period is not positive, and
(2) some of the radiation escapes the vessel without being converted into
heat.
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SECTION 0 - SEPARATIONS

CHAPTER IV - PREPARATION OF METAL SOLUTION

The first steps in the separation process are concerned with the pre-
paration of uranyl nitrate solution from the active metal. This chapter
describes the operations of coating removal, metal dissolving, sulfuric acid
addition, and solution storage; these are the necessary operations prior to
extraction.

4
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General

The operations of coating removal and metal dissolving are carried out'
consecutively in the dissolvers. These are vertical tanks equipped to receive

charges of the active slugs and conduct operations at the boiling point under

slightly less than atmospheric pressure. There are three dissolvers in each

Canyon Building; located in Sections 3-L, 3-R, and 4-L, and designated as 3-5L,

3-5R, and 4-5L respectively.

The metal is charged into the dissolvers in batches of 3 long tons (8

buckets of 105 slugs each). In order to increase the rate of solution by use

of a large amount of reacting surface, a metal heel of approximately 1 long

ton is carried in the dissolver. Thus the dissolver contains approximately

4 long tons of metal just after charging and approximately 1 ton after three

1-ton batches of metal have been dissolved.

The aluminum jackets are removed from the slug. by reaction with sodium

hydroxide in the presence of sodium nitrate solution. The sodium nitrate pre-
vents the evolution of hydrogen which might reach an explosive concentration

in the dissolver. Part of the silicon bonding alloys is dissolved, and part

forms scale or sludge which is flushed out with the coating removal solution or

with the water and acid washes which follow the coating removal step.

The metal is dissolved in batches of 2200 lbs. each by aAding 5000-5400

lbs. of 60-62% nitric acid and digesting until a specific gravity of 1.80-1.82

at the boiling temperature is reached. Each batch of metal solution is diluted

in the dissolver to approximately 55% UNE to prevent crystallization, cooled,

and jetted to Section 4B where previously accumulated wash water dilutes it to

approximately 40% UNH. Sulfuric acid is then added to give a concentration of

0.338 lb. E204/lb. metal. After agitation the solution is ready for transfer
to the extraction section.

During metal dissolving the off-gases, which include air, oxides of ni-

trogen, and small quantities of radioactive elements, are removed from the
vessel via a stainless steel line and vent jet to the 291 Building stack for

dilution and disposal to the atmosphere.

Under unfavorable weather conditions, e.g., no wind, dow draft, or fog,
the 291 Building facilities do not dilute the radioactive gases to a saf 'level

and the dissolvers can not be operated. However, two dissolvier- can prednci
metal solution faster than it can be processed. This excess capacity permits
a 4-day stock of metal solution to be accumlated; the third dissolver In held
as a spare.

Chemistry of Coating Removal

Each metal slug of 7.85 lbs. average weight is enclose& in an aluminum

jacket when received in the 200 North Area. The Jacket wall thickness is
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0.035 inches and the heavier and pieces are approximately 0.375 inches thick,one being integral with the aluminum tube and the other welded on after the
slug is placed in the jacket. The aluminum and uranium surfaces are bonded
together with molten aluminum-silicon, which produce alurinum - silicon -
uranium alloys on the surface of the slug. The total coating material on a
finished jacketed slug weighs 115-120 grams (0.265 lb.) of which 80-90 grams
are aluminum.

Two methods have been developed for removing aluminum Jackets: the mer-
cury catalyzed 10% nitric acid procedure, and the 10% sodium hydroxide - 20%
sodium nitrate procedure. The ENO - Hg procedure was used extensively in the
pilot plant where there was no problem of silicon bonding material. It has
not been used at Hanford because control of the reaction with multiple batch
charges is questionable and a caustic treatment is necessary to remove the
bonding alloys.

Two versions of the 10% NaOH - 20% NaNO3 procedure have been used: with
the metal charge in the vessel, (1) all the caustic is added to the cold NaNO3solution, the temperature allowed to rise, and the heat of reaction removed
with coil cooling water, or (2) the caustic is added slowly to the boiling
NaNOz solution, and the heat of reaction removed by the column condenser water.
The latter method is now being used; the chemistry of the two variations is
essentially the sanD.

In the absence of sodium nitrate the theoretical mol ratio of caustic to
aluminum is 1 (Equation 1 below), but in the presence NaNO3 it may be either
5/8 to 1 (Equation 2 below) if ammonia is formed or 1 (Equation 3 below) if
sodium nitrite is formed. Several plant scale tests with inactive materials
have indicated that 40-70% of the reaction proceeds according to the nitrite
reaction.

1) 2 Al + 2 NaOH + 2H20 2Na A102 + 3

2) 8 Al + 5 NaOH + 3NaNO3 + 2%20 0 8NaAl02 + 3 NH3

3) 2 Al + 2Na0H + 3NaNO3 W 2NaAlO2 -+ 3NaNO2 + 20

Laboratory experiments have shown that a NaOH/Al mol ratio of 1.25 pro-
vides an adequate excess for solution of the aluminum. However, this ratio
is not great enough to insure that A1 203 will not precipitate if the solution
is allowed-to stand for a day. Experimental results have shown that a NaOH/Al
mol ratio of 1.65 prevents precipitation even if the solution is held for long
periods of time. In the plant this ratio is approximated by the use of 1070
lbs. of 50% NaOH to dissolve about 220 lbs. of coating material from a 3-ton
metal charge.

Aluminum is vigorously attacked by sodium hydroxide over a tested concen-
tration range of 5-50%; the reaction rate increases with increased caustic
strength. Uranium metal loss by caustic attack is very slight in solutions up
to 30% NaOH, but the rate of solution becomes appreciable in 50% NaOH. In the
coating removal step, dilute caustic is desirable to limit the rate of reaction
and to obtain sufficient solution volume to cover the slugs in the dissolver
without .uaing an unreasonably large excess of caustic. Precipitation of
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alumina may occur in the coating waste if the caustic concentration is as low
as 8% based on final solution weight. At 10% NaOH and a NaOH/A mol ratio of
1.65 or above, alumina does not precipitate even after a long storage period.

The concentration of sodium nitrate used is less critical than that of
the caustic. Concentrations as low as 10% are satisfactory for supression of
hydrogen formation, but there is some evidence that solid residues are more
completely removed from the dissolver with the coating waste solution if 20%
sodium nitrate is used.

Caustic dissolves aluminum-silicon alloy, but the aluminum-silicon-
uranium scale may be removed by undercutting and the disintegrating action
of the alkali. A large fraction of this suspended material is removed with
the coating waste. The dissolver is given a water flush and a 5% nitric acid
wash to remove any residual material. The coating solution, water wash, and
acid wash are combined in Section 15 for disposal to the waste storage area.
The resultant solution is sufficiently alkaline for storage; the specific
gravity is 1.5 and the freezing point is below --100. Pilot plant data show
a maximm product loss of 0.1% in this solution.

Chemistry of Z-tal Dissolving

tUranium metal is dissolved and oxidized by nitric acid to uranyl nitrate
hexahydrate (U0 2 (o 3 )2 6H20). The rate of this reaction increases with increased
temperature and increased nitric acid concentrations. The acid consumed in the
reaction can vary between the extremes indicated in the following equations:

t + 4 -. N0 3 -* U0 2 (N0 3 ) 2 + 2NO + 2H2 0

u + 8 Hno 3 -* Ua2 (NO3) 2 + 6W02 + 4vo

Actual acid donsumption lies between these two extremes and has averaged ap-
proximately 5.5 mole acid/mol metal in pilot plant and plant operation. Acid
utilization may vary with dissolver colum design, gas velocity in the colun,
(which in turn is affected by the amount of air leakage into the vessel) and
condenser water temperature and flow. Essentially no acid is regenerated until
the contents of the dissolver reach the boiling point and the flow of reflux
(containing water, acid, and dissolved oxides) begins in the column.

The heat of reaction of metal with nitric acid is 1472 to 2713 BTU/lb.
With nitrio acid of 60% or higher concentration and adequate metal surface,
this heat is sufficient to keep the reaction mixture at the boiling point.

The product, contained in the slugs of metal, is oxidized by nitric acid
to either the (III) or (IV) state and forms soluble nitrates. There has been
no indication in pilot plant or plant operation of the oxidation of any appreci-
dble amount of product to the (VI) state. The wide variety of fission-formed
radioactive elements, or by-products, include nitric acid soluble, insoluble,
and volatile materials. The nitric acid insoluble materials are present in
Very small quantities and do not seriously affect the handling of metal solu-
tion. The volatile materials of greatest importance are xenon and iodine with
a small quantity of argon. These two principal elements appear in the dissolver
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off-gas and must be diluted with very large volumes of air before being dis-
charged to the atmosphere from the 200-ft. stack. Thus, the ventilation and

dilution requirements are based on the small quantities of radio-gases rather

than the much larger amounts of nitrogen oxides.

During a dissolving operation, approximately 850 lbs. of nitrogen oxides

are evolved. Facilities provided for the disposal of the radioactive gases

dilute the nitrogen oxides well below the limits adopted for ordinary indus-

trial practice. A curve showing the relative xenon and iodine concentrations
in the dissolver off-gas from three consecutive dissolvings is shown in Fig. 1.
The rate of xenon evolution is approximately proportional to the rate of the
metal-acid reaction. The curve for iodine indicates that it is evolved until
the dissolver reaches the boiling point, when the column reflux than scrubs

the iodine out of the off-gas. At a later time in the cycle when most of the

acid has been consumed, the acidity of the reflux falls off and iodine again
leaks through the column. Evolution of active gases essentially stops when
the charge is diluted and cooled. This explanation of the iodine curve has been
checked by laboratory experimnnts where it was found that iodine was lost from

a refluxing solution of dilate nitric acid but not from a refluxing solution of
strong acid.

The unjacketed metal slugs are 8 inches long, 1.36 inches in diameter, and

weigh 7.85 lbs. each. A total of 840 slugs are included in each dissolver load-
ing of 3 loig tons; this metal-A dissolved in three 1-ton charges. It is nec-

essary to carry a metal heel of approximately 1 tori- in the dissolver in order

to provide adequate surface for dissolving the third charge of a series in the
desired time of approximately 8 hours. It has been found that the peak reaction
during the dissolving of the second charge may be as vigorous as the peak re-

action on the first charge. This is probably due to the large pitted and porous
surface area of the metal at the start of the second charge as compared to the

relatively smooth slug surface (except for the heei) at the start of the first
charge. The reaction rate on the third of a series of three reflects the

smaller metal surface area and is slower than the first two.

The product in processed metal is not equally-distributed throughout the

slug, but is more concentrated near the surface. In pilot plant operation
with lx4-inch slugs it was found that the ratio of product in three successive
batches of metal (outside, middle, and core material) was 1.00/0.87/0.73.
Carrying a 1-ton heel of core material in the dissolver thus tends to equalize
what might otherwise be an even greater difference in level. The blending of

three successive dissolver charges in storage tends toward a constant product
concentration for extraction.

The use of starting nitric acid strengths below 60% is not efficient from

the time cycle standpoint because of slow reaction rate. Acid strengths up to

70% have been used in semi-works on single-batch charges; higher acid concentra-
tions increase the reaction rate but also increase-the corrosion rate of the

vessel. From the standpoint of both corrosion and reaction rate, 70% HN03 is

the maximum acid strength permissible and even this concentration is not recom-

mended for multiple batch dissolving.

It is necessary to stop the reaction between the nitric acid and the metal

when the free acid content is 0.2% to 1.5% HN03 (20% UNIH basis) in order to
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assure satisfactory yields on the subsequent extraction step fSee Chapter V).
Sampling and analysis of the 70% - 80% UNH solution in the dissolver at the
end point is not practical since the material freezes when cooled to room tem-

perature. It has been found that the proper free acid concentration exists
when the solution has been digested to a specific gravity of 1.80-1.82 (at

the boiling temperature). It is usually not possible to predict the composi-
tion of a three-component mixture (sN0 3 - UNH - H20) by fixing one variable;
in this case, the effect of the residual nitric acid on the specific gravity

is smal. The boiling point of the solution at the end point is approximately
10500 with a 30-inch H2 0 vacuum on the dissolver.

Metal Solution Stora

The addition of sulfuric acid to the UNH solution in storage is not criti-
cal. The acid may or may not be added at this time, depending upon operating
convenience. An advantage to be gained by the addition of the sulfuric acid at
this point, based on laboratory data, is the "stabilization" of plutonium in

the lower states of oxidation, but this is not important due to the subsequent
nitrite treatment.

EQUIPMSlT

Dissolver

The dissolver (D-62064), shown in Figures 2 and 3, is a 25-12 S-Cb tank
of rugged construction designed to withstand the mechanical shocks of the metal
charging prdcedure and severe corrosion conditions. Because of their excep-
tional bottom thickness and complicated construction, the dissolvers do not re-
ceive the he-it treatment given all other process vessels and, hence, are less
corrosion resistant, particularly to solutions containing hydrogen fluoride.

The tank is 7 feet in diameter by 6 feet 10 3/8 inches high with a maxi-
mum working capacity 6 inches from top of 1700 gallons. A jacket and coil
are provided and both connect to water and steam at_ the gauge board for heat-
ing or cooling as necessary. An air and steam sparger ring is placed on the

bottom of the vessel, between the coil and wall. Inlet and outlet pipes for
Jacket and coil and the sparger inlet terminate in vertical connector flanges
on top of the vessel, from which connections are made to appropriate cell wall
connectors.

At the top of the vessel is the 2-foot 10-inch diameter charging opening
through which metal is loaded. Beneath this opening is a 5-foot 3-inch dia-
meter crib of stainless steel staves which receives the metal and protects the
coils. The charging opening is covere with a heavy stainless steel lid which

rests on a grooved machined surface bu is not otherwise fastened in place.
Since a satisfactory vacuum met be maintained in the dissolver during operation,
it has been necessary on several vessels to regrind the lid and flange surfaces
to limit the air leakage under the lid. Beveling of the edges of the flange
and groove makes easier the proper seating of the lid on the dissolver.

- 4o8 -
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In addition to the jacket, coil and sparger confnections, there are nine

openings through the top of the dissolver, terminating in horizontal flanges.

Connections are made through these for process transfer lines, chemical feed,
sampler, thermometer and a liquid level and density recorder.

Piping such as thermometer wells or transfer outlets, which must reach

into the vessel, are screwed or welded to the face of automatic connectors

attached to prefabricated cell piping assemblies. Using the impact wrench

and hooks or "pipe grabber", the crane operator can unfasten an assembly at
the cell wall and vessel connectors, and take it out for repair or replace-

ment. An outlet pipe is shown in position on the right side of Figure 2.

In addition to the lines going to the dipsolver itself, the cell wall

connectors furnish outlets for a space microp one and for measuring cell
pressure and temperature.

Figures 4 and 5 are diagrams of the connections in Sections 3 and 4.
The cell and pipe gallery connections are identified with the standard num-
bering system. In addition, cell connections not blanked off at the gallery

wall carry a note indicating their function or the letter of the panel board

to which they run. Where two letters are used, a double line runs to the board

indicated, e.g., Connector 8 carries two thermometer leads from Panel M and is

labeled MM.

Column

On top of the dissolver is a column 2 feet in diameter by 12 feet high
(D-62063). _(The performance characteristics of the dissolver and column are

described in the appendix.) This is guided into place by dowel pins on the

dissolver aid bolted down with the impact wrench, so that it can be taken out

for repair or replacement without moving the dissolver itself.

The lower portion of the column contains about 5 feet of Duriron Raschig
ring packing for fractionating vapor from the dissolver. Above this is a re-

flux condenser (fD-62063) consisting of six concentric cooling coils 5 feet

high. The column is estimated to develop a pressure drop of 20 to 25 inches

of water before loading and is normally operated at a 10-inch maximum. At the

top of the column is a spray ring for washing down the condenser coils.

Four horizontal connector flanges are placed around the head of the column

and three vertical flanges are located on the top.- The horizontal connectors

are the spray and column inlets, the coil and off-gas outlets. The off-gas
outlet is attached via the cell wall, to a line terminating in the breach of

the 291 Building stack. At 291_Building the line contains a steam jet by which

the dissolver can be maintained under a partial vacuum during operation to
prevent leakage of gas into the cell. (See Figure 68, Chapter II, for the

arrangement at the base of the stack.) Two of the flanges on the top of the

column are connected into the off-gas and cooling water outlets, respectively,

for thermometer connections, while the third opens into the coil space and

provides for measurement of the off-gas pressure.
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FIGURE 5

CELL PIPING AND GAUGE BOARD DIAGRAM. SECTION 4.
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Gauge Board

Figure 5 shows the Section 4 gauge board, controlling Dissolver 4-5L.and the two solution storage tanks. The various instruments shown on the
board are described in Chapter 1 of this section of the manual.

The four-point temperature recorder reads off-gas, condenser outlet wa-
ter, dissolver and cell temperatures. A second thermometer in the dissolver
is connected to the two-point recorder in the center of the gauge board. All
dissolvers and precipitators are equipped with two temperature recorders.
Process steps conducted in these vessels require close temperature control;
the double _thermometers serve to check each other as well as to give more
frequent readings.

The dual differential pressure recorder measures the pressure drop across
the column and the drop between cell and dissolver produced by the off-gassteam jet. "For measuring the latter, it is connected into the draft gaugecell pressure line and the liquid level and density recorder vessel pressureline. Column pressure drop is measured by balancing the same vessel pressureline against column pressure, maeured through a line leading into the top
of the condenser space. An inclined liquid manometer has been installed inparallel with the density recorder which allows accurate reading of the spe-cific gravity in the range of 1.75 - 1.85.

Flowmnlera and pressure gauges are provided to aid in controlling theflow of steom or water to the coil and water to the condenser. The jacketline is valved for water and steam but has no indicators; heating or coolingwith the jacket is a slow process. Close and speedy control is beat obtainedby operation of the coil. Pressure on the Jacket and dissolver coil islimited to 15-20 lb./sq.in. by pop valves placed in the discharge lines.

All jet and sparger lines are equipped with gang valves. As the steamflow through these valves is turned off, they automatically pass through aposition where compressed air is blown through the vessel line. This expelsthe steam and prevents condensation in the line, which might otherwise causea suckback of radioactive process solution into the gallery piping. In thecase of spargers, this arrangement also permits either air or steam to beused.

The sensitivity recorder is connected to the two ionization chambers
looking at the dissolver and the two chambers looking at the two respective
storage tanks. This instrument gives some indication of the progressive stepsin metal dissolving and can be used to follow the effectiveness of metal heeldissolution and preliminary cell cleanup operations.

Gallery Tanks and Chemical Headers

At the left of the gauge board is a 4 00-gallon weigh tank with connectionsto the nitric acid, sodium nitrate solution, and water headers; it is used foraddition of the solutions required in coating removal and metal dissolving.Opposite this weigh tank is a 600-gallon fixed tank used to store water for anemergency drowning of the dissolving reaction. The outlet of this tank is
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connected to-the outlet line of the large weigh tank. A small 75-gallon

scale tank, piped to the caustic and water headers, drains to the dissolver

through a separate line.

Solution Storage Facilities

Section 4-R contains two mtal solution storage tanks (4-7 and 4-8)
(See Fig. 6) 8 ft. in diamter and 14 ft. high, with a capacity of 5100 gal-
lons each. These tanks are not mchanically agitated, but are provided with
a sparger consisting of a straight inlet tube with a slotted cap on the end.

They are jacketed for water and steam.

Transfer lines to and from these tanks are shown in Figure 51 of Chapter
II. Usually-these tanks receive mtal solution from the dissolvers and de-
liver it to Section 8 for extraction. A connection to Section 6 allows for

the possiblekadoption of a pre-extraction decontamination step. A single
weigh tank in the operating gallery is piped to both vessels and connected to

the sulfuric acid header. Thus the proper concentration of sulfuric acid for
complexing the mtal can be added to each dissolver charge as it is received
in storage.

Instrumentation of the storage tanks includes a temperature recorder, a
liquid leveland density recorder, and the usual contact and space microphones

for following the operation of transfer jets. Each tank is connected to a
sampler in the right-hand wall. Ionization chambers "looking" at each tank
record on the Section 4 gauge board.

OPERATIONS

Coating Removal

Three nietric tons (6600 lbs.) of metal are normally charged into the
dissolver for coating removal. Handling multiple batches reduces the unit

charging tinmi and reduces the tim for subsequent dissolving operations by
providing a large amount of mtal surface. The amount of metal charged is
limited by the capacity of the dissolver for coating removal solution and
the ability of the coils, jacket, and condenser to control the vigorous dis-
solving reaction.

During coating removal and dissolving operations the 291 Bldg. steam jet
on the column off-gas -line is operated to produce a minimum pressure difference
of 10 inches of water between the cell and vessel at the tim of the most
vigorous reactions. When no reaction is occurring, -the pressure difference
is 20 to 30 nches of water.

The jacketed slugs in the dissolver are covered with 3850 lbs. of 26%
NaNO3 solution. The vent jet steam pressure is set at 100-105 lbs./sq.in.
gauge and the column condenser water is adjusted to 80-120 gal./min. If the
dissolver vacuum exceeds 20 inches of water, the seating of the dissolver lid

1415 -f
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is considered satisfactory and the vessel is brought to boiling with steam
on the coil and sparger. The sparger is then turned off but gentle boiling
is continued with the coil to provide agitation during the addition of the
caustic. A total of 1070 lbs. of 50% NaOH is added at a rate of 10 lbs./
minute through an orificed line. During the addition of the first half of the
caustic the heat of reaction appears as additional load on the condenser; the
exit water and gas temperatures rise and the additional reflux causes a small
pressure drop across the column. At this time boiling and agitation can be
effected with only 2-10 lb. steam on the coil.

After the caustic addition is complete the contents of the vessel are
refluxed for 2 hours to dissolve the thick end caps. The solution is cooled
to 3500 and jetted to Section 15. An 800-lb. water wash is sparged for 10
minutes to flush out the alkaline heel and is then jetted to Section 15.
This is followed by a 4300-lb. 5% HN03 wash which is sparged for 1 hour.
Following removal of this acid wash, the metal dissolving step may be
started.

Dissolver Operation

The possibility of contamination of the plant area with volatile by-
products requires that satisfactory wind direction and velocity exist before
starting to dissolve a charge of metal. Although the off-gas is diluted with
60,000 cu.ft./min. ventilation air at the base of the stack, a further dila-
tion factor of 500 from stack to ground is necessary. Hence meteorological
data are checked and a satisfactory forecast obtained before dissolving
starts.

The vent jet is run at approximately 100 lb./sq.in. steam pressure during
dissolver operation. This will draw a vacuum of 25-30 inches of water in the
pot when no reaction is taking place. The condenser water is turned on to
prevent adid and water vapor loss in the off-gas. Metal is dissolved in
batches of approximately 2200 lb., using 5200 lbs. of 60-62% nitric acid.
The amount of acid charged is not particularly critical, since errors affect
only the amount of final solution. The amount of acid used is adjusted ac-
cording to the length of time required to dissolve the third of three charges.
If this period is greater than 8 hours, (start of heating until end point)
the dissolver heel is increased by decreasing the acid charged; a period of
less than 6 hours indicated an excessive heel. Dissolving tims for the first
two charges of a series are 5-6 hours.

Som heating with the steam coil is usually enmloyed to start the reac-
tion. In the early stages of a dissolving cycle, cooling with coil water may
be necessary to keep the pot vacuum above 10 inches of water. As the reaction
proceeds it becomes less violent due to dilution of the acid and therefore
increased heating is necessary to keep the dissolver contents at the boiling
point. The operation is stopped when the specific gravity of the solution
as indicated on the inclined manometer reaches 1.32., To prevent further re-
action which may lead to precipitation of basic salts in the dissolver, the
solution is diluted to 50-55% UNH, cooled to 3500, and jetted to storage
where previously accumulated dissolver wash water dilutes it to approximately
4o% UNH.

- 417 -
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If unfavorable weathei conditions develop during a run, the charge is

cooled to 4000 with coil water and held until suitable off-gas dilution and
disposal can be affected. The drowning charge in the gallery water tank can
be used to stop the reaction quickly if emergency conditions arise.

A summary of data obtained during the first test dissolving with a start-
'ing charge of 3 tons of inactive metal in the 45-L vessel (T Canyon Building)
is shown in Table I.

During the time between the completion of dissolving a three charge
series and loading another, or during the time between dissolving charges of
the same series, the 2500-1b. dissolver water wash is allowed to stand on the
metal heel. This allows the use of coil cooling water for removing the heat
of radioactive decay. The wash, which normally runs 5% UNH, is moved into
the solution storage tank before the next loading or dissolving step.

No serious equipment corrosion problems are encountered under regular
process conditions. The use of coil steam pressures over 30 lbs./sq.in. is
not desirable, since laboratory tests have shown that at 60 lbs./sq.in. the
heated metal surface is attacked quite seriously by the UNH-nitric mixture.

Mital Solution Storage

The metal solution from either 4-5L or 3-5R Dissolver is usually trane-
ferred to Section 4-R, Tank 4-8. The order of receipt of materials is (1)
dissolver water wash from previous run, (2) metal solution, and (3) sulfuric
acid from gallery tank. Under present procedure 800 lbs. of 93% sulfuric acid
is added to each batch of solution equivalent to 1 long ton of metal. This
sulfuric acid forms a uranyl sulfate complex with the metal and prevents its
precipitation as a phosphate in the extraction step (Chapter V).

A series of three dissolver batches are usually blended in 4-7 Tank from
which the desired quantities are furnished to Section 8 for extraction. Solu-
tion equivalent to 1 ton of metal and containing the dissolver wash, sulfuric
acid, and jet dilutions from Dissolver 4-8 to 4-7 to 8-1 weigh approximately
13,000 pounds.

- 418 -
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TABLE I

SUNMABY OF DISSOLVER RUN DM-4
Dissolver 4-5L - Building 221 T

Time, Hours (approx)

Pot, C

Sp. Gr. of Solution

Pot Vacuum, -In. H20

Drop Across Column,
In. H20

Temp Off-Ga, 00

Off-Gas Flow,
Cu.ft./min.

NO2 in Off-Gas, %

HNO in Stack
Condensate, N

HNO Loss in Stack
Condensate, lbs./r.

Dilution Factor NO2(vent to stack

Starting
Period

0 to 1

25 to 6o

1.35

28

0

Below 20

85

3.5

Intermediate
Running
Conditions

1 to 5

6o to l0

1.35 to 1.65

28 to 12 to 18

0 to 2.5

20 to 39

85 to 130

35 to 45-

7.5

15

Final
Period

5 to End (7)

105

1.65 to 1.81

18 to 23

1.0

35

90

10 to 8

5.0

4

1850 *

3 fons Inactive Slugs at Start (No Heel)

Vent Jet Steam Pressure 105 lb./sq.in.

Condenser Water Flow 75 gal./min.

*Stack sample taken via 292 Building line, 50 feet up stack;
may not be representative.
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Report ON 2021

Report CN 1879

Report CN 66

Report 0111871

File No. 3-811

File No. 3-2278

File No. 3-3003

Recommendations for Process Conditions at HEW,
and Review of Process Chemistry

Progress Report on First Nine Months Operation
-of Separation Plant (Pilot Plant)

Solution of Uranium Metal in Nitrio Acid

Metal Solution

Required Wind Dilution for Reduction of Xe
and I to Tolerance Levels-

(Sm-PC-14) Some Density Values and
of UNH - HNO3 - k2SO4 Mixtures

(SE-PC-74) The Evolution of Iodine
Metal Dissolution
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DISSOLVER PEHROIUONCE CHARACTERISTICS

Prior to active operation of the T Canyon Building, a study was made of
the operating characteristics of the dissolvers and off-gas system. A summary
of the data obtained is presented below.

Water boil-up tests showed that with maximm vent jet steam pressure and
condenser water flow, 50 lb./sq.in. steam on the coil would effect sufficient
boil-up to produce excessive column pressure drop. Summaries of water and
acid boil-up data are given in Tables II and III. The rate of heating in the
dissolver with the steam sparger is much greater than with the coil. As men-
tioned before, the jacket is not very effective for heating or cooling.

The capacity of the dissolver vent jet is approximately 175 cu.ft./min.
(air) when operated at 105-115 lbs/sq.in. steam pressure, assuming a dry column
and no vacuum in the vessel. If the dissolver lid is in place and sufficient
liquid is charged to seal the ends of the dip tubes, a vacuum of 25 to 30
inches of water will develop and the air leakage of only 60-90 cu.ft./min.
will be removed by the vent jet. The relation between vent jet steam pressure,
pot vacuum, and air leakage into the dissolver for the T Canyon Building' ves-
sels is given- in Tables IV, V, and VI and Figures 7, 8, and 9. Figure 10
shows the off-gas line orifice characteristics.

The liquid level in the dissolver determines to a considerable extent
the maximm vacuum obtainable, since air can enter via the dip tubes. Table
VII and Figure 1 show the relation between pot vacuum and liquid level at
maximm vent jet steam pressure. In general, a high vacuum indicates a close
fitting lid and low air leakage into the vessel.

FLOW SHEET

The process flow sheet, based on removing the jackets from three metric
tons of slugs and dissolving one6 metric ton of metal, is given as Table VIII.

OPERATING LOG FORMS

The foliowing operating log forms given at the end of the appendix con-
stitute the detailed operating instructions by which_ the operators perform
the various steps of charging the dissolver, removing the coating, diessolving
the metal and adding the sulfuric acid in metal solution storage.

4I
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TABLB II

Water Boil-p Tests - 221-T Dissolvers

Equilibrinm Conditions After 2 Hours Operation

Wt. Water Charged, 1b. 5080 _ 4150 4150

Steam Coil Pressure, lb. /sq.in. 50 50 40

Pot Temperature, 00 99 _ 99.5 99.5
Condenser Water Flow, gal./min. 8o 76 82

Exit Water Temperature, 00 51 48 53
Off-Gas Temperature, OC 29 33 44

Vent Jet Pressure, lbs./aq.in. 108 108 104

Pot Vacuum, In. Water 23.6 9.5 15.7

Column Pressure Drop, In. Water 12.5 16.5 10

*Lid Repaired

Notes: Time to heat Dissolver 3-SR from 25 to 10000,20 min. with 32 lb./sq.in. steam on coil

Time to cool Dissolver 3-5R from 100 to 50,.
22 min. with 4o-6o gal./min. water rate on coil

Tim to heat 3-5L Disaolver from 25 to 10000,20 min. with 50 lb./sq.in steam on coil

Time to cool 3-5L Dissolver from 100 to 3500,
20 min. with 60 gal./min. water rate on coil

- 422 -
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TABLE III (SUMMARy)

flitric Acid Boil-Up Tests -221-T Dissolvers

Euilibrium Conditions After 1 1/2 Hours Boilin"

3-5R 45
wt. 60% ENf 3 Charged, lbs. 5400 5400 5400
Steam Coil Pressure, lbs./sq.in. 23 18 17
Pot Temperature, C 115 n7 115
Condenser Water Flow, gal./min. 67 67 67
fxit Water Temperature, OC 22 < 20 21
Off-Gas Temperature, 00 22 < 20 21
Vent Jet Pressure, lbs./sq.in. 107 104 105
Pot Vacuum, In. Water 24.5 20.8 25

Column Pressure Drop, In. Water 0.5 1.0 0

Off-Gas Flow; cu.ft./min. 85 93 90

Max. Off-Gas Loss Hl0 3 , lb./hr. 0.6 0.2 0.4

423-S
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TABLE IV

Pot Vacuum vs. Air Leakage into 3-51 Dissolver

-After Grinding 4n Lid

4730 lb. Water (Equivalent to

Steam Pressire,
lbs /aq.in.-

101
94
74
38
52
43
34
25
19

9

Vacuum at Jet,
Inches Water

37
31.5
26
21.5
20
15.5
12
9.8
7.0
4.3

Coating Removal Level)

Pot Vacuum,
Inches Water

27.5
26.5
23.6
20.4
18.2
14.4
11.2

8.7
6.1
3.4

Air Leakage,
cu.ft. mn.

70
61
43
30
27
24
20
17
12
10

5610 lb. Water (Equvalent to Metal Solution Level)

35.0
32.8
29.5
24.5
21.0
18.0
15.5
12.5
9.0
6.o

30
29.6
26.9
23.4
19.6
16.9
14.8
1.8
8.6
5.9

- 424 -
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91.5
78
67
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48
44
34
24
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20
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TABLE V

Pot Vacuum vs Air Leakage into 3-51 Dissolver

4630 lb. Water (Coating Removal Level)

Steam Pressure
lbeag.in. Gauge

112
94
79
64
53
40
28
17

Vacuum at Jet,
Inches Water

34
29
25.3
21
16.8
14

9.5
-5

Pot Vacuum,
Inches Water

24.4
21
18
15
12
9
6
3

(Metal Solution Level)

25.5
23.7
20.5
17.6
14.8
11.7
8.7
5.9
3.0

Air Leakage,
cu.ft./min.

93
86
80
69
63
53
42
22

5840 lb. Water

33.3
31.5
27.8
23
16
14.5
10.5

7.5

- 425 -
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99
83
69.5
58
44
32
22
9

26
84
79
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TABLE VI

Pot Vacuum v Air Leakage into 4-5L Dissolver

4535 lb. Water (Coating Removal Level)

Steam Pressure,
lbs/eq.in. Gauge

112
79
68
58
47
36
21
11

Vacuum at Jet,
Inches Water

32.5
25.5
21.0
17.5
14.5
U .5

7.0
3.8

Pot Vacuum,
Inches Water

25.5
21
18
15-
12

9-
6-
3

Air Leakage,
cu.ft./min.

110
75
69
62
-6

147
37
22

5910 lb. Water (Metal Solution Level)

32
28
24.5
20.3
17.0
13.8
11.0

6.8
4.o

30
27
24
21
18
15 -
12

9-
6.
3

5810 lb. Water (Metal Solution Level)

35.5
31
28.25
24.5
20-75
18.5
13.75
10.5

7.5
4.o

29.6
27.0
24
21
18
15
12
9
6
3 -
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96
85
74
a
54
44
34
23
11

85
76
71
66
62
56
48
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33
20
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112
96
85.5
76 -
65.5
54.5
44
34
24
11.0

90
76
72
66
63
57
47
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32
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FIGURE iO
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Effect of Liquid Depth on Pot Vacuum

Water in Vessel
(lbs. )

Steam Pr. on
Vent Jet, lbs/
aq.in. Gauge

Max. Vacuum,
Inches Water

Air Leakage
into Vessel,
ou.ft. /min.

Dissolver 3-5L (Before Grinding Lid)

108
108
108
109
108
108

5.2
7.2
7.0
7.5
7.1
7.5

Dissolver 3-5L (After Grinding Lid)

108
108
101
102
108

14
20.5
27.5,
30
30

Dissolver 3-SE

108
108
108
li2
106
108
108

Dissolver 4-5L

3.2
112
112

12
112
112
109

- 431 -

0 300
2030
3960
4880
5960
8240

353
2100
4730
5610
7432

164

300
2030
4050
4630
5840
6000
8100.

70
63

01

7.5
14.4
21.6
24.1
25.5
24.2
24.8

93
86

900
2676
4535
4565
5810
5910
7430

4,

9.0
15.5
23.5
23.1
29.6
30
29.0
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90
85
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Preparation of Metal Solution

Seotions 3 and 4

A. Coating Remoyal (Basis - 3 charges of 2200 lb. each)

1. Oharge 6600 lb. active jacketed slugs (8 buckets of 105 pieces
each).

2. Aad 3850 lb. (389 gal.) of 26% NaN0 3 to Dissolver 3-5R or 4-5L.

3. keat dissolver to boiling and add 1070 lb. (85 gal.) of 90% Na0H
solution at 10 lb./minute.

4. Di est for two hours at boiling temperature.

5. Cool to 3500 and jet to waste receiver 15-7.

.6. Plush dissolver with 835 lb. (100 gal.) water. Air sparge 10 min.

7. Jet water to 15-7 Tank.

8. Add 4300 lb. (500 gal.) of 5% fN03 solution and sparge with air
for one hour.

9. Jet acid wash to 15-7 Tank.

Solution Composition in Dissolver
(Assum 210 lb Al, 50% to ML
reaction 50% to NaNO2 reactlon)

*Lbs.

NaOH 282 5.5

NaNO3  380 7.4

NaA10 2  638 12.5

Na2Si03  6 0.1

NAWO2  402 7.9IL'20 3402 66.5

5110 (532 gal)
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TABLE VIII
(Cont.)

B. Metal Dissolution (Basis 2200 lb. Active Metal)

1. Add 54 00 lb. (480 gal.) of 60% fN03 solution to the dissolver.

2. Bring dissolver to boiling temperature (100-1100C).

3. Hold dissolver at boiling temperature until specific gravity of

lolution reaches 1.82.

4. Add 2500 lb. (300 gal.) water to dissolver.

5. Sparg5 with air and cool to 4000.

6. Tht matal solutions to storage Tank 4--8.

7. -Add 2500 lb. (300 gal.) water to dissolver.

8. Hold water on metal heel until ready to dissolve the next charge,
then jet it to 4-8.

Note: Off-Gas No NO present in off gas at vent jet.
1420 lb. NO2 evolved
(11,100 C.F. S.T.P.)

Solution Composition in Dissolver

Lbs.

HNO3  134 1.5
UNE 4640 52.0
H20 4156 46.5

8930 (750 gal.)

0. Metal Solution Storage

1. Receive 2575 lbs. (309 gal.) wash water from dissolver into 
4 -8 .

2. Receive 9120 lb. (773 gal.) of metal solution from dissolver into 4.8.

3. Sparge with air an add 800 lb. 93% H2S04 to 4-8.

4. Jet 4-8 to 4-7.

5. Jet to 8-1 as needed.

Solution Composition in 4-7

--- -Lbs.

HNO3 134 1.1

*2SO 744 5.9
UNH 4640 36.8
B 0 7082 56.2

12600 (1120 gal)

-41314 ioa



L - CHARGING DISSOLVER

Date
Run No.

DISSOLVMR OPEATION

SDECLASSIFIED

1. When ajproved by the dispatcher, jet Time start Time end
the wash water from the preceding
run farbm 4-5L (3-5R) to 4-8. (See
page 2.1, step 2)

2. BeckmaK reading on 4 -5L (3.5R)

3. See that the vent exaust jet is
operating at 100 to 105 lbs. per
sq. In and that there is a negative
cell pressure before the cell cover
blocks are removed.

4. See that water is turned on the
column aondenser (50 GPM) and pot
coil (5b GPM).

5. Notify the dispatcher that charging
is ready to start.

Meter Factor__

Steam Pressure -_.

Differential pressure

Cell pressure

Condenser water flow *GPM
Cold water flow GPM

Time called-

6. Charge the dissolver with the specified.
numberof buckets of slugs. Check with
the crane operator for bucket numbers
and enter data below

Note: -f charging operation is interrupted for more than 12 hours,
tadd 1000 lbs. of 26% Sodium Nitrate solution (Line L) to the
-dissolver via 4--5IA (3-5RB).

Lbs added - Time added

1.1 - a 10/45 -435-. n
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mm Date _

Run No.-

I - CHARGING THE- DISSOLVER (Cont .)

DISSOLV OPERATION

DECLASSIFIED
9. When all the metal has been charged, 4-5L (3-sR) Differential Pres-

read and record the dissolver differen- -- sure
tial pressure. See that this pressure Steam pressure
is above the minimum for the conditions
listed below before the cell cover
blocks are replaced.

Minimum Differential PreEsures
A. All metal
B. Al1 metal

1000 lbs.
0. All metal

3850 lbs.

charged, dissolver cover on
charged, dissolver cover on,
of Nitrate solution in pot
charged, dissolver cover on,
of Nitrate solution in pot

-7 ins.

->10 ins.

- 20 ins.

10. Beckman reading on 4-5L (3-5R).

11. Add sufficient 26% Sodim Nitrate
solution (Line L) to 4-5L (3-5R)
via 4-5LA (3-5RB) to make 3850 lbs.
of solution. The solution in the
dissolver is to be maintained below
3000 until ready for the coating
removal step.

1.2 R 10/45

Meter Factor___

Lbs. added Time added

4-5L Wt. Ftr. Lbs
3-5R

4-5L Sp. Gr. Temp.
3-5R

I"



Date
Run N. _ _ _ _ _ _

II - COATING REMOVAL

1. Becman reading on 4--5L (3-3R)

2. Turn on-4-5L (3-5) air sparger and
increase cooling water on condenser
coil to 80-120 G.P.M.

3. See that 291 Bldg. fans are
operating.

4. See that all drain valves on tank
4.-5LE (3-5RD) are closed.

5. Bring 4-5L (3-5R) to boiling (100-
1050C.) using steam on the coil and
sparger.

6. Turn off steam sparger and continue
to boil 4.-5L (3-5R) with 2 - 10 ls.
of steam on the coil.

Meter

DISSOLVER 0PERATIOIN

DECLASSIFIED
Factor____

Air sparger on_

Condenser water flow CPM

Time.- - -- -

Time_ __

Time start Time boiling

Steam sparger offt_

7. Add 1070 lbs. of 50% Sodium Hydroxide Time start -
(Line q) to 4-5L (3-5R) via 4-5LE lst Port. Lbs. Time end

(3-D)_ at the rate of 10 lbs. per Time start

min. Add in two portions of 535 2nd Port _ Lbs. Time end,

lbs, each. Regulate the steam on
the coil so that the column pressure Minimum Pot Vacuum

drop does not exceed 10 inches of Maximum Column Pressure .

water.- DO NOT EXCEED THE 10 LB.
PEM MINTE ADDITION RATE

Note: If the pot vacuum falls below 15 inches of water during this
step, stop Caustic addition, turn off ategnj.gnarn

- coil cooling water until vacuum is relained.

8. Flush +-5LE (3-5RD) to 4-5L (3-52)
with 150 lbs. of process water.

Lbs. added. Time added.__

9. Digest 4-5L (3-5%) at boiling (100- Time start __ Time end-
10800) for 2 hours.

10. Turn on 4-5L (3-1) air sparger and Air sparger on-
coil dooling water and cool to 3500. Coil water on Time 35qC

11. Call dispatcher and obtain permission Time called
to jet coating solution from dissolver

to 15f7. Time jetted

1.3 - B 10/45 la--437-



DISSOLVER OPEATION

Run No.

II .- COATING REMOVAL (Cont.)

12. Add 835 lbs. of water to 4-5L (3-5R) Lbs added Time added
via 4t-5LA (3-5fB).

13. Air sparge 4-5L (3-5R) for 10 minutes. Time start _Time end

14. Call dispatcher and obtain per- Time called
mission to jet wash solution from Time jetted
4-5L (3-5R) to 15-7. Shut off
air sparger when the Wt. Ftr. Air sparger off
reading reaches 0.2.

15. Add 355 lbs. of 60% Nitric Acid Lbs. added__ Time added_
(Line A) to scale tank 4-5LA (3-53B) add
2345 _lbs. of water to 4-5LA (3-5RB) Lbs. added Time added.
on top of acid.

16. Air sparge 4-5LA (3-5PB) for 10 min. Time start_ Time end

17. Add entire batch from 4 5LA (3-5RB) Lbs. added, Time added_
to 4-5L (3-5R). Turn off air sparger. Air sparger off

18. Flush 4-5LA (3-5RB) to 4-5L (3-5R) Lbs. added - Time added-
with 1600 lbs. of water.

19. Air eparge 4-5L (3-5R) for one hour, Air sparger on
keeping temperature below 350C. Time end
Leave- air sparger on.

20. Call dispatcher and obtain permission Tim'e called
to jet wash from 4-5L (3-5R) to 15-7. Time -start .Time end...
Shut off air sparger when the Wt.
Ftr., reading reaches 0.2. Air sparger off

1.4 R ao/45 -438-



Date_
Run No,

III - METAL DISSOLVING

1. See that tank 4-5F (3-50) contains
4000 lbs. of water. This water is
to be used for killing the charge if
all other means fail to stop the
reaction during an emergency, and it

- is necessary to sacrifice a run to
protect personnel and equipment.

//&jc- '/0 V/Y7 a

DISSOLVER OPERATION

DECLASSIFIED
Lbs water in 4-5F (3-50)

IN THE EVENT OF A POWER FAILURE DURING THE DISSOLVING OPERATION
WHIOH FOLLOWS:

A. Shut off steam to coil
B. Turn cooling water on coil and jacket

and bring charge to 3000.
0. Notify the dispatcher

2. See tat the 291 Bldg. fans are
operating.

3. Notify the dispatcher that metal
disso ving is ready to start, and
obtain permission to jet the wash
water? in 4_5L (3-5R) to 4-8. (For
a charge immediately following -
coatfag removal, the wash is jetted
to 15.7. See page 1.4 step 20)

4. Beckhnan reading on 4-5L

5. Turn b>n the coil cooling water and
see that the condenser cooling
water--flow to 80 - 120 GPM.

6. Add 5200 - 5500 lbs. of 60% Nitric
Acid (Line A) to 4-5L (3-5R) in two
portions (3 and 2000 lbs.) via
4-5LA (3-5RB).

7. After all the nitric Acid is added,
turn off coil water and start
heating with 20 lb. steam on the
dissolver coil. Start data record
on pege 1.7 when the steam is
turne. on. Keep the vent jet at
100-105 psi. Run reaction as fast
as possible not permitting the
pot vacuum to drop below 10 ins.
At times cooling water will be re-
quired in the coil, at other times

Time

Time called-

Time start Time end

Meter Factor

Coil cooling water on GPM
Condenser water flow GPM

let Port. Lbs. Time added
2nd Poit. Lbs. Time added.--
Total lbs. added.

Time steam on
Time reaction starts-

Minimum pot vacuum_-Time

Maximum column pressure__Time _

steam up to 20 psi, will be required
as explained in the note which follows.

-439-1.5 R 10/4.5 --
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III - METAL

Date _ _ _ _ _ _ _ _ _ _

Run 14o. _ _ __ _ _

DISSOLVING (Cant.)

11tV - /0 q/ ;P J
DISSOLVER OPERATION

DECLASSIFIED
NOTE: The first run of a triple charge will usually start reacting at

about 60-70 0. at which point the steam should. be shut off. The

second run will usually start 'a little higher while with the third

run, it may be necessary to keep the steam on during the entire

cycle. In any case, the reaction at the outset will be more

vigorous than later. During the initial period the reaction wilsr

or-may, have to be cooled in order to maintain 10 in. vacuum'

during the latter period the reaction will become sufficienti,
slow that even with 20 lb. steam on the coil, the pot vacuum w. -

increase.

8. Record the maximum vent gas tem- Max. vent gas Temp.___Time

erature and the inlet and outlet Condenser water temperature:

condenser water temperature and flow Inlat
at the time the temperature is read. Outlet-

Ho d the off gas temperature below Flow G0M-

50 C -by adjusting the steam or
water flow to the coil.

9. Digest at 100-1150C. until a Sp.Gr. Time start_
of 1.81 (by manometer) is reached.
The temperature during digestion
must be maintained at boiling. With
the first run of a triple charge
this gravity is usually reached in

.abouf 5 hours, the second in about
6 hours and the third in about 8 hours.

10. Add ff5OO lbs. of water to 4-5L (3 5R
via 4.-5LA (3-5RB). Turn on the air
sparger and cool to 4000 with water

on the coil.

11. Shut off the air sparger and read
the Wt. Ftr., Temp. and Sp. Gr. when
the Sp. Gr. meter becomes constant
(both manometer and Ring Balance)
then'turn on the air sparger again.

12. Call dispatcher and obtain per-
mission to jot-4-5L (3-5R) to 4-8

13. Beckman reading on 4-5L (3-5R)

Time end.

Lbs. added Time addod.
Air sparger on
Coil water on
Time start ____Timo 40 0

Air sparger off,
4-5L Wt. Ftr.- Lbs._
3-5L
4-5L Sp. Gr. _-Temp.

3-5R _
Air sparger on-----

Time called
Time start Time end_

Meter Factor

1.6 R 10 / 45 --44o-
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DISSOLVE OPEATION

Date
Run No.

III - METAL DISSOLVING (Cont.) DECLASSIFIED
Record data at 20 min. intervals for first 2 hours; then at hourly
intervals

QQTT,
WATER STEAM

GPM PSI

POT
VACUUM

INS.

COLUM

IN.

COND.
WATER

GPM

VET
GAS

TEMP.

EXIT
WATER
TEMP.

- ___________ ---- ___________ - -.------.------. .- ---.--------- ". .- ~-.-

- ____________ ____________ _____________- ______________- ________________ ______________ -. ____________

_____ ______ ______ _____ ___ It

1.7 R 10/45
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DESSOLVER OPERATION

Date _
Run No.

III - ETAL DISS~OLVING (Cont'd)

14. Add 2500 lbs. of water to 4-5L (3-5R)
via 4-5tA (3-5RB)

15. Air sparger 4-5L (3-R for 15 minutes
and shut off the air sparger and turn
on the coil cooling water. Allow the
wash water to remain in the dissolver
until the next run is ready to start
Maintain the temperature below 300.

16. Notify the dispatcher that the run is
completed,

Lbs. added Time added

Air sparger on._ ____

Time start- Time end

Air sparger off

Coil water on G

Time called

1.8 R 10/45 S
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fDate
Run No.

I - METAL SOLUTION STORAGE

.%4'c, /0 /75-C

METAL SOLUTION STORAaE

DECL SIIE
1. Beckman reading on 4.8_

2. Receive wash water from preceding
dissolver run into 4-8 from 4-5L
(3-5R) (TW 2580 lbs.)

Meter - - Factor .

4-8 Wt. Ftr. _ Lbs.- -
Time start Time end
4-8 Wt. Ftr. Lbs.
Wt. received in 4-8

Note: After receiving the wash water from 4-5L (3-5R) so that a
dissolving run may proceed several hours will elapse, dop..nd
ng on the number of the run, before receipt of the met '

Bolution. DO NOT PROCEED UNTIL IT HAS BEEN RECEIVED.

3, When approved by the dispatcher,
receive'metal solution into 4-8
from 4-5L. (3-5R) (TW from dissolve
2580 / 9120 lbs.)

4. Turn on 4-8 air sparger

Time start _ Time en&_
4-8 Wt. Ftr. Lbs.
r

4--8 Air sparger on_

5. Add 80& lbs. of 93% Sulfuric Acid Lbs. added
(Line K) to 4-8 via 4-8B.

6. Beckmax reading on 4-8.

. ime added

MeterztLFactor

7. Shut off 4-8 air sparger and read 4-8 Air sparger off
Wt.Ftr, Temp. and Sp.Gr. when Sp.Gr. 4-8 Wt,. Ftr. Lbs.
meter becomes constant then turn 4-8 Sp.Gr _ Temp.
on 4-8 air sparger. 4-8 Air sparger on

8. When wash water, metal solution, and
acid are in correct proportions, call
dispatcher, give charge data and ob-
tain parmission to ,et 4-8 to 4-7.
Shut off 4--8 air sparger when the Wt.
Ftr. reaches 0.2.

9. Beckman reading on 4-8

10. Air sparge 4-7 for I hour before
Jetting a run to 8-1. Leave air
sparger on. -

Time called
Time start Time end .
4-7 Wt.Ftr, Lbs.,
4-7 Sp.Gr. - Temp. -
4-8 Air sparger off

Meter Factor

4-7 Air sparger on
Time end

11. When notified by the dispatcher, jet
18,800Jlbs. of metal solution from
4-7 to%8-1. (Approx. 19,600 lbs. when
received in 8-1) "See page 3.1 step 4".

2.1 R 10/45_ a



, a- /09750

INDEX

DE1CASSIFIED
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HANFORD ENGIN2 WORKS TECHNICAL MANUAL

SECTION C - SEPARATIONS

CHAPTER V - EXTRACTION

The extraction of product from the metal solution is one of the basic
steps of theseparation process. The product is removed from the bulk of
uranium solution by precipitation with a bismuth phosphate carrier. Many of
the fission elemnts are removed with the product, these are separated out
by decontamination cycles subsequent to extraction. The process and the
equipment used in the extraction step are described in this chapter.

is
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THE EXTRACTION PROCESS

The product is extracted from 19,600-pound batches.of UNH (35.5%) con-
taining 1120 pounds of H2SO4 and representing 3300 pounds of active metal in
solution.

The metal solution, containing sulfuric acid to complex the uranium and
thus prevent its subsequent precipitation as uranyl phosphate (See Chapter I)
is transferred from storage to a precipitator and diluted to 25% UNE. A pre-
extraction treatment with sodium nitrite is made at 75 - 8500 to insure that
the product is in a form which can be carried by the bismuth phosphate.

The extraction precipitate (direct, or phosphoric acid strike) is made
by first adding bismuth solution and then phosphoric acid, uniformly over 3
hours, to the UNE solution maintained at 8500 with thorough agitation. The
slurry is digested for 2 hours at 850C with continued agitation.

After cooling, the slurry is centrifuged and the precipitator and. centri-
fuge washed with water to remove UNH and soluble fission elements held up in
the precipitator hee' and centrituged cake.

The combined effluent and washings are received in the catch tank and
constitute the waste metal solution. This waste contains about 90% of the
fission activity present in the original metal solution and not more than 1%
of the product.

The nitric acid sed to dissolve the washed product cake is added to the
precipitator where it is circulated through the sprays to wash down the inner
surfaces and dissolve any bismuth phosphate remaining. It is then jetted, in
portions, to the centrifuge where it is used to slurry out the cake, after
which it is jetted to the solution tank. Dissolving is completed by agitating
for 1 hour in the solution tank. A yield of 98-100% is normal, associated
with 10% orless of the .original fission activity. The product solution is
jetted to crude product storage.

Precipitation Variables and Their Effect on Product Carrying

Process variables influence the completeness of product carrying by bis-
mth phosphate in both a chemical and physical manner. Variables. which have
a definite effect upon the yield of product obtained in the extraction step
are: oxidation state of the plutonium, UNH concentration, iron concentration,
nitric acid concentration, bismuth concentration, phosphoric acid concentration,
strike temperature, rate of striking, and time of digestion.

In order that plutonium may be carried quantitatively on bismuth phos-
phate, it must be in the IV oxidation state. Other known states of oxidation
are III, V, and VI. The III and VI phosphate are not carried, due in part
to their high solubility (3 to 5 grams/liter), and the-V state has not been
found in process solutions (See Chapter I). The function of the pre-extraction
nitrite treatment is to insure that all of the product is in the IV state;

-503-
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THE EXTRACTION PROCESS

nitrite will rediice VI to IV and will oxidize III to IV. The time required

for this reaction is approximately 20 minutes; 1 hour provides a margin of

safety. Other agents which have been used in this step are: formic acid,

which is satisfactory chemically, but introduces hazards in chemical handling;

uranium ion (IV) which reduces Pu VI to IV but does not oxidize Pu III to IV,

and was found to be unsatisfactory in the pilot plant; and a combination of

potassium dichromate and oxalic acid, which also was found to be not entirely

successful in pilot plant operation.

The concentration of the UNH solution from which the extraction is made

has an important effect upon the extraction waste loss. 
High UNH concentra-

tion results in Increased solubility of both plutonium phosphate 
and bismuth

phosphate with resultant increased loss. Whenever the UNE concentration is

increased, dther variables such as temperature, acidity, phosphoric acid con-

dentration and rate of striking should be altered in such a way as to decfease

the solubility of bismuth and plutonium phosphate, (Table I). The process

employed at the startup of the T and B Canyons was based on 20% UN in the

final slurry. This concentration has been systematically increased (Production

Test SE-221-T-PA-U) to 24% UNH, at the start of the strike, which is now the

standard concentration. The use of concentrations up .to 30% UNHE have been

found feasible on laboratory and semi-workq scales, by increasing the phos-

phate concentration and decreasing the total acidity by either neutralizing

part of the sulfuric acid or by replacing the sulfuric acid by sodium sulfate"

. econtamination tends to be greater at higher UN concentrations, but the

difference is not great.

TABLE I

Interdependence of Process Variables

Run No. UNV H 004 Strike Temp., Strike Time, Digestion Extraction

IZ5.0. a) 3M (b) cO Hrs.- Time, Bra. Waste, i

B-1 20 o.6 75 2 1 0.80

B-2 0 0.6 75 2 1 0.35

B-3 -22 0.6 75 2 1 1.5

B-4 22 o.6 75 2 1 2.1

B-5 2p 0.6 85 2 2 0.77

B.-6 *22 0.6 85 2 2 0.81

B-7 24 0.7 85 2 2 0.98
B-8 24 0.7 85 2 2 1.5

fD-1l 24 0.7 85 3 2 0.76

D-12 24 0.7 85 3 2 0.70

a) at start of strike

b) in final slurry

-504 
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Iron is not present in the UNE solution, except as a corrosion product
from dissolver operation. At this concentration (approx. 0.001M or 0.005%)
it has no effect upon the completeness of product carrying or upon the decon-
tamination factor obtained. However, if the iron concentration Is increased
ten-fold it results in increased waste loss and at 0.05M Fe the loss may
exceed 30%.

Nitric acid enters the extraction solution by three routes: (1) unre-
acted acid from the dissolver, (2) released by the sulfuric acid used in com-
plexing the UNH, and (3) with the bismth solution. Of these, the latter two
are relatively constant but the first varies with dissolver performance and
may materially affect the extraction step yield. Both the waste loss and
the decontamination factor increase with increasing nitric acid concentration
and at concentrations above 4% (free acid in 40% UNH) the waste losses become
excessive. PAt 10% HNO3 (free acid in 40% UNH) the waste loss may approximate
50%. This may be explained on the basis of increased solubility of bismuth
phosphate with increased acid concentration.

Considerable laboratory data have been accunflated which show that the
optimm bismuth concentration in this step is approximately 2.5 grams/liter.
Concentrations higher than this result in slightly lower waste loss and a
greater margin of safe operation, in respect to other variables such as
acidity, UNE concentration, temperature, etc., but also increase the process
volume in the subsequent decontamination cycle. Reducing the concentration
below 2.5 e*ams/liter results in increased waste loss, due to less complete
precipitation of bismuth and plutonium. At 1.5 grams bismth/liter, the waste
loss may exceed 10%.

At low_ UNH concentration (20%) the concentration of phosphoric acid is
not critical, within the range 0.4M to 0.8M. As the UNE concentration is
increased, however, the phosphoric acid concentration must be increased in
order to maintain the insolubility of the bisimith phosphate, e.g., when the
process concentration was increased from 20-24% UNH, the phosphoric acid
concentration was increased from 0.6M to 0.7M. Within the normal operating
range, phosihoric acid concentration has no effect upon the decontamination
factor obtained.

Since bismth phosphate has a retrograde solubility, it follows that
higher strike and digestion temperatures result in more complete precipitation
with more quantitative carrying of plutonium. The effect of temperature on
product carrying is more pronouncea at high UNE concentrations (Table I), but
even at 20% UNH a decrease in temperature from 85 to 55 00 may increase the
waste loss ten-fold. The strike and digestion temperature was increased from
75 to 85 0 C when the UNE concentration was increased from 20 to 24%.

Agitation is required to mix and suspend thoroughly the bismth, plutonium
and phosphoric acid. Whereas the extraction yield is low at low power input,
in the range 1-10 H.P./thousand gallons (the process was designed for 3.0
H.P./thousand gallons) yield is improved only slightly with increased agitation.
In a case where the agitation failed, during a strike, air sparging plus extra
time during the strike and digestion permitted a yield of 93% to be obtained;
however, restoration of the agitator to service during the centrifugation may
have contributed to additional carrying.

-505 - a m ,
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Properties of Bismuth Phosphate as Related to the Extraction Step

Since plutonium is removed from solution by being carried by bismuth phos-

phate, the mannet in which it is precipitated can affect the completeness of

carrying. The most efficient carriers are those which precipitate with crystals

isomorphous with the compound to be carried (See Chapter I). Bismuth phosphate,

however, is not isomorphous with plutonium phosphate, yet the carrying obeys

the laws of isomorphous carrying. This is explained by postulating strong

internal absorption due to two-dirensional lattice similarities.

Three allotropic forms of bismuth phosphate are reported: (1) the "alpha",

or normal form, is of the metastable, hexagonal modification, (2) the "beta"

or insoluble form is of the monoclinic modification, 
and (3) a form whose

X-ray pattern differs from that of either the alpha -or beta form and 
has been

designated te "gamma" form.

Plutonium can be carried by bismuth phosphate 
which is precipitated either

in the solution or externally and then added to the _solution. 
Using externally

prepared carrier, however, the rate of plutonium 
removal is slow, but increases

with increasing amount of BiPO4 surface and is independent 
of the age of the

precipitate. That. such a process is largely a surface phenomenon 
has been

shown by fractionally dissolving, in successive portions of nitric 
acid, ex-

ternally pre-ared bismuth phosphate which carried product and observing 
rapidly

decreasing radial plutonium concentrations as the center 
of the crystal was

approached. "Contrasted with this are data obtainedwith bismuth phosphate

precipitated "in situ" by slow phosphoric strike, which showed a constant radial

distribution of plutonium.

All bismnth phosphate precipitates employed in the 
separations process are

formed "in situ." In the extraction step the alpha modification is the only

form observed, U11 inhibiting the formation of the other forms. For maximum

plutonium carrying, the following conditions_ are necessary:

Minimum bismuth phosphate solubility (see preceding section)

Slow precipitation

The rate of striking (precipitating) is of greater importance at high

plutonium concentration (250 grams/ton) than at low concentration (5 grams/

ton). The postulated explanation for this is that at .low product concentra-

tions the "adsorptive capacity" of the bismuth phosphate is 
not exceeded by

the plutonium to be carried.

Whereas the rate of striking has an important influence on the 
carrying

properties of bismuth phosphate, the type of strike 
has an important effect

upon the physical (and handling) properties of the 
compound. The types of

strikes may be divided into three groups: (1) direct (bismuth first, or co-

formed), (2) reverse (phosphoric acid first, or preformed), and (3) combina-

tions or modifications of the above. The direct strike produces a precipitate

composed of large (approximately 5x10 microns with 
a surface area of 0.1

square metei/gram) imperfectly formed hexagonal crystals which 
are non-caking,

filterable, easily centrifuged (specific gravity of 2) 
and readily soluble in
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nitric acid See Figures 1 and 2 on the rate of solution 
and equilibrium solu-

bility). The reverse strike, however, produces a precipitate which is fine,

very g.mmy" and therefore tending to cake, is more difficult to filter but

not significantly tmre difficult to centrifuge, and less readily soluble in

nitric acid. -This type of strike was employed at the start-up of the pilot

plant but was abandoned in favor of the direct strike because of the difficulty

encountered in removing the cake from the centrifuge. Other modifications and

combinations of strikes (simltaneous, direct-reverse) 
have been investigated

in the laboratory and found to possess no advantage over the slow direct

strike.

Hework of the Metal Waste SolutiOn

No meal waste solution from either the B orT Plants has been reworked

to recover Product, although ofno charge ((5-04B-1) was reprocessed to re-

cover neptuniu. In this instance a large quantity of metal compound precipi-

tated, in addition to the bismuth phosphate, which was difficulty soluble in

nitric acid. The cause of this precipitation was subsequently shown to be due

to the presehe of ammonium ion, introduced as ammonium silicofluoride, re-

sulting in the precipitation of ammonium uranyl phosphate (NHUO2PO4) together

with some uranyl phosphate.

In the normal rework of a mtal waste for the recovery of product no

amimonium ion would or should be introduced. The waste, returned to the pre-

cipitator, should be adjusted to O.5M sulfate with -either sodium sulfate

(preferable) or eulfuric acidend sodium carbonate and a slow (2-hr.) reverse

strike mfde at 75-85 0C. No additional phosphoric acid need be added unless

dilution hai reduced its concentration below 
o.6M.

Since the bisanth phosphate precipitated by this reverse strike is more

difficult to remove from the centrifuge, special care mat be taken to insure

its complete removal.

After _te cake is dissolved the product solution is processed as a normal

run.

tITACTION EUTMS14

Thetratiol step is performed in 
a "standard section", Figures 3 and

k, which is composed of two cells, one containing a precipitator 
and a solu-

tion tank and the other a centrifuge 
and a -catch tank (See Chapter II). The

extraction is normally perfored in section 8 (Figure 5), Section 7 (Figure 6)

being a spare, with Section 6 (Figure 7) capable f being used. for this step

with a few piping changes. The equipment in Section 8 is described below.
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RATE OF SOLUTION OF BiP04 (EXTRACTION) IN 50% HNO3
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CELL PIPING AND GAUGE BOARD DIAGRAM. SECTION a
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FIGURE 6

CELL PIPING AND GAUGE BOARD DIAGRAM, SECTION 7
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FIGURE 7

CELL PIPING AND GAUGE BOARD DIAGRAM, SECTION 6
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_____ DECL SSIFIE
Precipitator

The precipitator, which is shown in Figure 8, is a 9 foot by 9 foot heat-
treated 25-12 S-Gb tank. It has an overflow capacity of about 3900 gallons
and about 205 gallons is required to reach the bottom of the agitator. (Drawing

W-72493)

The tanc is equipped with an agitator, a jacket, and an overflow line
which drains to the cell floor. Suitable flanges are provided for connecting
the motor, lubrication lines, and jacket inlet and outlet to the cell walls.

Other connections are made through sixteen flanged openings around the top of
the precipitator. These include a liquid level and density recorder, two

thermomters, a sampler, a spray distributor, a sparger, two chemical feed
lines, and process transfer lines. In addition there are som spares that are
blanked off.

The spray distributor (Drawing W-73245) is used for washing down the
vessel walls to prevent the build-up of bismuth phosphate cake. This is a
jet operated device which pulls liquid up from the tank through a suction leg
and forces it back through an outer concentric pipe terminating in a horizontal
spray opening a few inches inside the vessel. This spraying causes a dilution
of about 8 pounds of water/minute when the jet is operated at 100 lbs./sq.in.

steam pressure. The nitric acid, used in dissolving the product cake from the
centrifuge bowl, is usually added to the precipitator and circulated through
the distributor to pick up any residual bismuth phosphate.

The sparger (Drawing W-73235) is simply an inlet pipe with a slotted cap
at the lower end.

The two thernomters are connected to different recorderse thus furnishing
a check on each other. This standard arrangement is used on all precipitators
because temperature control is more critical in the precipitation steps than
in other operations. Also, since higher temperatures are used in the precipi-
tators (and Aissolvers) than in other process vessels, failure of the thermo-
mters due to corrosion of the wells is more probable. While the two thermo-
mters are usually brought in through the sam connector, they are in separate
wells so that a process step can be properly controlled and completed even if
one thermomter fails.

Centrifuge

The centrifuge (Drawing BPF-71238), as shown in Figure 9, is a Bird 40-
inch solid bowl machine operating at 870 or 1740 retolutions/minute (430 -to
1730 G, i.e., to give 'an effective centrifugal force of 430 or 1730 times 'the
force of gravity). The higher speed is usually not necessary for bismuth
phosphate but may be used for other precipitates, such as lanthanum fluoride,
which are difficult to separate cleanly.

The bowl hold-uv is about 60 gallons. At the usual feeding rate of
approximately 140 pounds/minute (or about 17 gallone/minute) the hold-up tim
is therefore about 3.5 -minutes.
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The bowtl effluent flows from an opening near the bottom of the casing of
the centrifuge into the catch tank (Drawing W-72796). The centrifuges are not
placed on the floor as are other process vessels, but on concrete blocks which
give the elevation required for gravity flow to the catch tank. To obtain the
accurate placemnt necessary for connections to the cell walls, the blocks are
located with the usual type of equipment guides and contain stude to which the
centrifuges are bolted with the i~mact wrench.

The hold-up can be reduced from 60 gallons to 101 gallone by use of the
skim r which is a curved pipe projecting down into the bowl. Through opera-
tion of hydraulic controls the pipe can be rotated to bring the lower end near
the buwl's inner surface, facing counter to the direction of rotation. The
liquid on the wall of the spinning bowl is then driven up the pipe and dis-
charged into the casing.

To assist in cake removal, two sets of plows (scraper blades or an-
loaders), which could be moved into position close to the inner surface of
the bowl, were designed into the centrifuge. These, like the skimmer, were
hydraulically controlled, but are disconnected from the hydraulic system and
blocked in the. "out" position with wooden blocks inserted in the hydraulic
cylinder.

For clean-up or cake washing, two sprays are available, one for the in-
side of the bowl, the other for the case. These are operated by a pump in
the operating .gallery.

The power, hydraulic and lubrication lines, and the leads to the vibra-
tion moter and tachometer are brought in through six connectors located on
the "A" frame of the centrifuge.

Connections into the bowl are made through six sleeves from the cover.
These sleeves are brought up at a slant in order to clear the motor assembly.
ue to difficulties of manipulation presented by the slant, inlet pipes are

riot welded to the cell piping. Instead, they are inserted into the sleeves
separately. The sleeves have the lower half of a connector flange at their
upper end; the inserts have the upper half of the connector flange. When the
inserts are dropped in place, the two halves function like an ordinary flange.

These connections are used for inlets from the precipitator, outlets for
jetting cake solution and slurries to the solution tank, chemical feed lines,
and manometer leads.

A simple manomter indicates the depth of liquid or "weight factor" in
the centrifuge. No, recording or density indicating devices are used.

A thermometer and microphone connection is made to the top of the case.
The microphone is the contact type used for listening to operation of jets
and motors. The thermomter well does not dip into-amy lijuid, but is inr contact with the, outside of 

the case.

- 18 -f
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_ DECASSIFIE
Catch Tank

The catch tank .is identical to the precipitator in design, but has no

agitator. The agitator opening is blanked off with a manhole cover. A 4-inch

hole is cut in the top of the vessel to accommodate the discharge line from

the centrifuge case (Drawing W-72796). The similar hole in the precipitator
is covered by a standard plug.

Through the openings around the top of the catch tank connections are

made for liquid level and density recorder, thermomter, sampler, sparger,
and chemical feed and transfer lines. The thermometer line also contains a

contact mic'ophone for listening to the outlet steam jets. This indicates
when a jet is "gassing", i.e., has emptied the vessel.

Solution Tank

The solution tank is a small edition of the precipitator equipped with

an agitator and accessory connections (Drawing W-72453). It has an overflow

capacity of about 756 gallons and requiring about 36 gallons to reach the
bottom of the agitator. The dimensions of the tank are 4 1/2 feet in dianter

by 7 feet high.

Piping to the solution tank is similar to that of the precipitator:
weight and _density recorder, one thermomter and contact microphone, sampler,
aparger, one chemical feed and process transfer line.

Process Piping

The process transfer connections in Sections 6, 7 and 8 are shown in
Figures 41land 51, Chapter II.

The piping between vessels in a section is arranged as in all standard
sections. Two lines from the precipitator to the centrifuge are provided
because plugging is more likely to occur in these jets which handle slurries.
The catch tank is connected to the precipitator fo' recycling effluent from
the centrifuge. Cake slurries and solution are jetted from the centrifuge
bowl through a line to the solution tank. There are also lines from the
catch tank to the solution tank, and from the solution tank to the precipi-
tator, so that liquids can be jetted around through all vessels in the section
in clean-up operations.

The trench piping establishes the operations for which a particular
standard section can be used. Sections 7 and 8_are designed for extraction.
Normally, only Section 8 is operated, Section 7 being held as a spare. It
is considered possible that a pre-extraction decontamination step may be
introduced into the process and either Section 6 or 7 is available for this
purpose. All three sections can receive metal solution from storage in
Section 4-t. For extraction, the catch tank is piped for disposal of the
centrifuge effluent to Section 9 or 10 (waste metal) while the product goes
from the solution tank to storage in Section 12-L_ For a decontamination
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step preceding extraction, the catch tank is connected to an extraction pre-
cipitator and the highly active by-product cake solution is collected in the
solution tank and disposed of along with the mtal wastes.

Gallery Eguipnnnt

The arrangement and. connections of Section 8, 7 and 6 are diagrammed in
Figures 5, 6 and 7. The function of each cell connector is indicated by the
number of the weigh tank or building section, or the letter of the panel board
to which thd line goes. Unlabeled connectors are spare lines to the pipe
gallery.

Gallery Tarnks

At the left end of the gauge board is a 400-gallon scale tank, 81-A,
through which nitric and phosphoric acids can be added to the precipitator.
(Drawing D-61773-A)

A 6o-ga'llon scale tank, 82-0, is for adding nitric acid and wash acids
to the centrifuge, and is located at the right of the gauge board. (Drawing
D-61772-A)

Across from the gauge board near the back wall is 82-D (Drawing D-63505-A),
a tank and ump which operate the centrifuge case or bowl sprays.

On the left of the pump is 81-E, for feeding sodium nitrite and bismuth
nitrate to the precipitator. (Drawing D-61772-A)

Gauge Board

The functions of the several panels are apparent from the section dia-
gram. In general, the process transfer gang valves, weight and density re-
corder, and motor switches for a particular vessel are located together on
one panel. Two panels are required for the large number of centrifuge instru-
ments and controls.

On panel "E" (Drawing W-71308), at the left, are the 8-L cell pressure
draft gauge and the Beckman recorder for the section. By means of the four-
point switch this can be made to function as a four-point recorder for the
ionization chambers looking at all of the process vessels, or it can be kept
continuously on any one chamber.

Two other panels serve the section generally. "N" (Drawing W-72477)
has the four-point temperature recorder with leads-to all four of the cell
equipment pieces and valves for the three spargers (none on the centrifuge).
"A" (Drawing W-71193) has a clock, telephone to the dispatcher's office,
gauges for process air, instrument air and steam, and a safety moter to mas-
ure radiation levels in the gallery. The second precipitator thermohm is
connected to a one-point temperature recorder on this panel.

The centrifuge boards, "Q" (Drawing W-72478) and "U" (Drawing W-72635),
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contain a tachometer, vibration mter (See Chapter I), gang valve for jettingto the solution tank, hydraulic controls for the skimmer and plow, an4 thecentrifuge motor switch. Also located on these boards are the 8-R Draft Gauge,the catch tank distributor valve, and the switch for-Pump 82-D which operatesthe centrifuge sprays.

Adjacent to all agitator and centrifuge switches is an ammeter to indicatethe load on the motors. The agitator switches are simple two-button switchesallowing only one speed. A five-button switch controls the centrifuge. Thepositions are atop, slow ( 8 70 rev./min.), fast (17 4 0 rev./min.), plug, andinch. The centrifuge will coast for a long time after the current is turnedoff, but theplug bottom provides a breaking action by reversing the currentthrough the motor. The inch button allows fairly constant low speeds, of theorder of 100 Iev./min., to be maintained during slurrying or washing operations.This supplies just enough current to overcome frictional losses. The centri-fuge is brought up to the desired speed with the slow button and then switchedover to inch.

The gang valves on all spargers and jets are so designed that, as theflow of steam is shut off, compressed air is automatically blown into theline. Further turning of the valve brings it to the completely off position.This prevents condensation of steam in the line which might draw active pro-cess solution Up into the gallery pining. Beyond the off position is a set-ting which opens the cell line to a vent pipe at the bottom of the gaugeboard. This can be used to flush out the piping between process vessel andgallery. Pressure-vacuum gauges are provided to indicate any development ofnegative pressure in the gang valve lines, as well as to -show the flow ofsteam to the jets.

It will be noted that the two jets transferring from the precipitatorto the centrifuge are connected to the same gang valve. Near the pipe gal-lery wall, one of the lines is plugged with a blank and the other containsa filler, so that a quick change-over can be made if one jet fails.

All jacket lines are valved for air, steam and Water for heating orcooling as required. The air is used to blow out the water before starting* to heat with steam.

EXTRACTION OPERATIONS

Normal Operation

Product Precipitation

he:A 9 0founa atch (1720 galions) of 35% UNH solution is jetted intothe Section 8 precipitator from storage in Section 4. - The TINH Concentrationis reduced to 27% by diluting with 600 pounds- (720 gallons) of water fromte81-A Scale.Tank. Sodium nitrite solution (720 lbs. of 25% salt) is thenadded at a controlled rate from Scale Tank 8-1-E for iNe pre-extraction
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treatment and the tank heated. to 85 OC with steam on- both the sparger and
jacket. The slow addition rate is used to prevent too rapid N02 evolution -

and combined-heating is used to save time. The dilution resulting from this
sparging is approximately 1500 pounds (0.0055%/(1000 lbs.)(OC)). The solution

is digested it 85 OC for 1 hour and then diluted tota total weight of 28,150
pounds (2840 gallons), at which point it is sampled for the "basis" figures.

The dilution water plus the bismuth solution added later, bring the UNH concen-
tration down to 24% at the start of the strike. -

The pre ipitator agitator is operated throughout the extraction, until
centrifuging is complete and the vessel is empty. Thorough agitation improves
the yield and is necessary to prevent settling of the precipitate in the tank.

The precipitate is formed-at 85 OC by adding 344 pounds of 24% Bi0N03 /9%
ENO3 solution, following by 2625 pounds of 73.5% 11304/1.2% RN03 from Scale Tanks
8-lE and 8-1A respectively. The nitric acid in these reagents serves no purpose
in the process itself, but is required in the bismuth subnitrate to keep it in
solution and in the phosphoric acid to reduce storage tank corrosion. The
corrosion products in unstabilized phosphoric acid can cause losses in by-product
precipitates by reducing the product.

The bismuth is added as rapidly as possible. The phosphoric acid is added
at a controlled rate over a period of 3 hours. It is important to the process -

that the phosphoric acid be added slowly, and after the bismuth (direct strike).

The solution is cooled to 50 OC before starting transfer to the centrifuge
and cooling continued until the temperature is 250 or the tank empty. The total
volume at this point is about 3100 gallons.

Centrifuging and Washing

The centrifuge is brought up to 870 rev./min. and the slurry is jetted
into the bowl at a rate of about 140 pounds/minute using the "A" jet (See
appendix). At this rate, the holdup time in the bowl is 3.5 minutes, which
is adequate for clean separation of the bismuth phosphate. Completion of the
transfer is indicated py levelling off of the catch tank weight factor trace.
The centrifuge speed may increase slightly (20 rev./min.) and the centrifuge
ammeter reading may drop slightly due to the decreased load on the machine.
At this point three 300-pound portions of effluent are recycled from the catch
tank through the precipitator and centrifuge to remove sediment from the pre-
cipitator. The 60-gallon bowl holdup is then reduced to about 10 gallons by
gradually moving in the skimmer to a fixed stop.

The first water wash of 500 pounds (60 gallons) is added to the precipi-
tator from Shale Tank 81-E. This wash is circulated through the distributor for
3 minutes to- wash the walls, and jetted to the centrifuge through the "A" jet.
When the transfer stops, the "A" jet is turned off and the "B" jet turned on in
order to pick up any heel which may have been left by the "A" jet. The bowl is
again skimmed to a 10-gallon heel.

The bowl is plugged down to about 10 rev. /min. and a 250-pound wash
(30 gallons) is added through the sprays from the tank and pump, 8-2 D.
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This cuts most of the cake from the walls and helps to mix the wash and the
hold-up liquid. The mixture is slurried three times by bringing the bowl up
to 140 rev./min., holding 2 minutes, and plugging to a stop. A special auto-
matic control is attached to the centrifuge tachometer to prevent running the
centrifuge backward by plugging past the stopped position. (See Chapter X)
This series -of operations is intended to mix the cake and the wash thoroughly
and avoid any tendency of the water to pass over the cake without flushing
out soluble impurities. After stopping for the second time, the centrifuge is
brought up to 870 rev./min., held 5 minutes, and skimmed to a 10-gallon heel.

The procedure is repeated with a second 30-gallon portion to conclude the
washing operation.

The final 10 gallons of heel contains 88 pounds of bismuth phosphate and
about 40 pounds of water.

The combined washings and effluent in the catch tank amount to about 32,000
pounds (3,260 gallons). The composition is 21.5% UNH, 3.6% 2S0O4, 5.7% H3P04
and 0.9% HNO3, added with the reagents or carried over from metal dissolving.
This metal waste is sent to Section 9 for neutralization and disposal.

Cake Solution

The cake is dissolved using 2710 pounds (240 gallons) of 60% nitric acid
added to 8-i from 8-1-A. In spite of the recycling and washing, some bismuth
phosphate remains on the bottom and walls of the precipitator. The dissolving
acid is therefore added to the precipitator and agitated to dissolve the solids
lying on the bottom (5-10% of the charge) and circulated through the distribu-
tor for 20 finutes to dissolve solids adhering to the walls.

The acid is jetted from the precipitator to the centrifuge in portions of

330 pounds (30 gallons). Each portion is slurried three times by bringing the
bowl up to 140 rev./min. for 2 minutes, then plugging to a stop. After thus
mixing the cake and acid, the solution and slurry are jetted to the solution
tank. After about half of the acid has been transferred in this manner, the
remainder is continuously jetted from the precipitator and the centrifuge to
the solution tank. The alternate jet is again used to make certain that all
of the acid has been removed from the precipitator. The solution tank is agi-
tated for 1 hour to complete the dissolving of the cake and then sampled.

The cake solution should contain 97-99% of the product and not more than
10% of the original fission activity. It is analyzed for completeness of solu-
tion and product content, then sent to storage in Section 12-L.

Alternate Operation.

Section -7 is essentially an alternate for Section 8. The operation of
Section 7 is the same as that of Section 8 except that the metal solution must
come from Tank 4-8 instead of 4-7. Tank 8-4 has a transfer jet to 12-9 that
is not found in Section 7, but both Tanks 7-4 and 8-4 have a transfer jet to
Tank 12-6, the one normally used. -
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EXTRACTION OPERATIONS

Section 6 is equipped for making a by-product precipitation step before
the extraction, with transfer jets from 6-4 to the metal waste disposal cells
and from 6-3 to further processing cells (Tanks 7-1 and 8-1). By slightly
altering the trench piping on two jet transfer lines, the section may be al-
tered to permit a product precipitation step. This may be done by changing
the, line going from Tank 6-4 to Tank 9-4, in the trench, so that it goes from
Tank 6-4 to- Tank: 12-7, Connector 84, permitting the product solution to be
sent to Section 12. In order to dispose of the metal waste the line from
Tank 6-3 to Tank: 8-1 can be changed to go from Tank 6-3 to Tank 9-3, Connector
72. An equivalent change could be made on the transfer line from Tank 6-3 to
Tank 7-1 so that it would go from Tank 6-3 to Tank~ 9-3. Since Tank 9-3 has
no agitator, the waste solution could then be jetted to Tank 9-1 for neutrali-
zation.

i -
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- SAMPLINGSAMPLINGDECLASSIFIED

Representative sampling of process solutions in the Canyon Building is
of prime importance in the control of the process. In order to obtain a rep-
resentative sample, the solution to be sampled must be agitated sufficiently
to insure uniformity and the sampling device must not permit concentration,
dilution, or segregation in any part of the system. The sampler used in the
Canyon Buildings is an air lift operated in conjunction with an air jet and
is of stainless steel construction (Drawings W-73746 and D-63381). Its pur-
pose is tomake accessible at the dock level a representative portion (about
4 ml.) of the active solution contained in a given tank in the heavily shielded
cells.

The a ir lift principle is used in addition to simple jet circulation be-
cause solutions of high specific gravity must be raised 20-25 ft.; in the Con-
centratioi Building the low head makes the air lift feature of the sampler
optional. The samplers in the Canyon Building are located in the cell walls
in lead shielded pits approximately 2 feet below deck level (See Fig. lb.)
A 1/2 inch stainless pipe with a special splash plate on the bottom and a
lead shielded cap, runs from the sampler cup (See Fig. 11) to the deck and
provides a passage for withdrawing samples. The air control valve for the
circulating jet is located under a 1/4 inch steel cover plate in the deck.

In taking the more active samples - during the extraction step and first
decontamination cycle (8-1 NR, 8-4p, 8-3ws, 13-4B) - the jet is operated 10
minutes and fresh representative solution is collected in the cup. During
this time a Koroseal stopper mounted in the lead cap seals the end of the 1/2
inch riser pipe. The cap is then removed and the _"Trombone" apparatus (Draw-
ing D-63135, See Fig. 12) inserted in the riser pipe. With this a 0.5 -
1.0 ml. poi&tion of solution is withdrawn from the -cup and placed in a port-
able shield-or "Door Stop." A 1 ml. sample of 8--mR Solution (20-25% UNH)
held in the "Trombone" may give off radiations at the rate of about 2000 mr./
hour 2 inches from the sample. When placed in the "Door Stop" the intensity
of radiation is reduced to 20 - 60 mr/hour at the outside surface of the shield.

Sapling of the less active solutions (Section 14 and cooler cells) is
similar tothe above procedure, except that a "Bayonet" pipette (Drawing
D-65232) with a rubber stopper seal built on it, is used to withdraw a 3.0 -
5.0 ml. sample (See Fig. 13). After the regular 10-minute circulation time
with the iqad shielded stopper in place, the cap is removed and the pipette
inserted to extend to the liquid level in the cup (about 15 inches). The
sample air jet is again started and the cup and pipette evacuated; when the air
is turned off, the vacuum in the sampler cup is broken and the pipette fills.
This procedure can be repeated to flush out the pipette; the pipette is then
transferred to a portable shield and taken to the laboratory.

The special splash plate (mentioned above in connection with the 1/2 inch
riser pipe - See Figures 10 and 11) baffles downward the fresh solution enter-
ing the cup and insures complete flushing of old samples from the cup. A
small hole at the top df the baffle vents the suction line and prevents suck-
back of the sample when the jet is turned off. In- order to obtain representa-
tive samples, a perfect seal of the 1/2 inch riser pipe during the circulation
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period is essential. The spray and mist from the circulating solution, espe-
cially the strongly acid product and by-product cake solutions, attacks the
material used to seal the riser pipe. Rubber andNeoprene stoppers have not
proved satisfactory in this service and have had to be replaced frequently;
Koroseal stoppers have shown better acid resistance. No gasketing and a
simple Koroseal gasket between the lead cap and the riser pipe were tried and
found to give an unsatisfactory seal.

The optimm orfice size on the inlet line to- the air lift is about 1/32
inch. With this orifice size, the vacuum in the cup created by the jet (op-
erating atlOO lb./eq.in. air pressure) varies between 5 in. and 20 in. Eg,
as slugs of air and liquid move along.

The safety precautions which must be exercised in the sampling of product
solutions are very rigid. The details of these rules may be obtained by re-
ferring to--the S Department Sampling Procedures. -

FLOW SBET

The flow sheet presented in Table II is for 1.5-ton charges at 24% UNH.
The flow sheet may change from time to time due to limitations on the amount
of permissible product per charge, but due to such limitations, the charge
size may be less than 1.5 tons with resultant decrease in UNH concentrations
and increase, in operating latitudes.

STANDARD LOG FORMS

The operating log forms given at the end of this appendix constitute the
detailed operating instructions by which the operators perform the extraction
step.
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TABLE II

PRODUCT EXTRACTION FLOW SHEET

Section 8 (section 7, spare)

A. Precipitation

1. Receive 19,600 lbs. (1720 gal.) of UNH solution from 4-7 into
Precipitator 8-1.

2. Ad(. 7,830 lbs. (940 gal.) of dilution water.

3. AdA 720 lbs. (75 gal.) of 25% NaNO2 solution.

4. Agitate for 1 hour at 85 OC.

5. Add 344 lbs. (27 gal.) of Bi solution A:
24% BiONO

3

19% HN03
6. Add 2625 lbs. (200 gal.) of R3P04 solution:

73.5% H3 PO4

12% HNO3

Rate of addition - 15 lbs./min.

7. Agitate for 2-hours at 85 OC.

8. Cool to 50 00 beforejetting to Centrifuge 8-2.

Slurry Composition (In 8-1)
lbs. M

UN0 6950 22.3 0.53

HN0 3  290 0.9 0.18

B2 804  1150 3 7 0.45

H3P04  1823 5.9 0.72

BiPO4  88 0 3 -
NaNO2  nil -

NaNO3  222 0. ----

20 20,696 66.2
Total 31,219 (3100 gal.)
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TABLE II
(Cont. )

B. Centrifugation and Washing
IIFVLISSnro

3

4

8

9

10

11

- 533 -

". Centrifuge at 870 rev/min., 140 lbs/min.

. -Recycle 1200 lbs. of effluent through 8-1 and 8-2.

". Skim to lA gal. heel.

. Add 500 lbs. (60 gal.) of water to 8-1.

. Recirculate in 8-1 for 3 minutes using spray.

. Jet wash water from 8-1 to 8-2.

r. Skim to 10 gal. heel.

. Add 250 lbs. (30 gal.) of water to 8-2 through the sprays.

. Wash cake and skim to 10-gal. heel.

. Repeat (8) and (9).

.Jet waste effluent and washings from Catch Tank 8-3 to
Srecipitator 9-1 (or 10-1).

Effluent Composition (in 8-3)

lbs. %

. 6950 .5

HNO3  290 - 0.9

HS04 1150 - 3.6

31:823 75.7113P04  -- ik
NaNO 222 0.73
H20 21,965 - 67.6

Total 32.,,4oo (3200 gal.)

Washed Cake Composition (in 8-2)

lbs.

BiP04  88 69.3
H2 0 39 30.7

Total 127 (10 gal.)

0
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I ~TABLE II OFASSFF
(Cont.)

C. Product Cake Dissolving

1. Add 2710 lbs. (238 gal.) of 60% HNO3 to 8-1.

2. Recirculate through the spray for 20 minutes with the agitator
running. Keep acid below 50 OC.

3. Jet 330 lbs. of acid (30 gal.) from 8-1 to 8-2 and slurry cake.

4. JA from 8-2 and Solution Tank 8-4 and start agitator.

5. Repeat (3) and (4) three more times.

6. Jet remaining acid from 8-1 to 8-2 to 8-4.

7. Agitate for at least 1 hour after all acid is in 8-4.

8. Jet solution from 8-4 to Storage Tank 12-6.

Solution Coposition (in 8-4)

lbs. M

-i0 ~ 88 2.6 0.11

HMO3 1640-49.0 10.2

H20 1622 48.4

Total 3350 (305 gal.)
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Date
Run No.

I - PRODUCT EXTRACTION

1. Call dispatcher and request
transfet of metal solution from

2. Air sparge 4-7 for 30 minutes
before jetting a charge to 8-1.
Leave air sparger on.

3. Beckman reading on 8-1.

4. When cleared by the dispatcher,
receive 19 600 lbs. of metal solu-
tion from £t-7 into 8-1. Base
charge-on 8-1 Wt.Ftr. reading.
(TW from 4-7 18,800 lbs. Care must
be used during this transfer be-
cause bf the high rate of the jet)

5. Shut off 4--7 air sparger and read
Wt Ftr., Temp.and Sp.Gr.

6. Start 8-1 agitator

7. Add 6000 lbs. of water to 8-1 via
8-1A. Add water In two portions
of 3000 lbs. each.

8. Add 720 lbs. of 25% Sodium Nitritc
(Line B) to 8-1 via 8-E at a ratE
of 20 lbs. per minute.

9. Flush 8-13 to 8-1 with 50 lbs of
process water.

10. Heat 8-1 to 85 c. with steam on
the jacket and sparger. Maintain
temperature at 85 C. with jacket
until step 21 is completed.

3.1 R 10/45

//kv- /Oy7f-C,

PRODUCT EXTRACTION

DELLB-F E
Time called

4-.7 Wt. Ftr._ Lbs. . - .-

4-7 Air sparger.on
Time start _ Time end___

Meter _ Factor

Time cleared.--.-
Time start __ ime end _
8- Wt.Ftr. Lbs.- _
8-1 Sp.Gr. Tomp.

4-7 Air sparger off
4-7 Wt.Ftr, Lbs.
4-7 Sp.Gr._ _ Temp.

8-1 Agitator on

1st Port Lbs. Time added -

2nd Port. Lbs. Time added_
Total lbs. added-

Time start Time end
Lbs. added

Lbs. added Time added

Time start Time 850

-535-
4*

ow

Now



Date
Run No.

I - PRODUCT EXTRACTION (Oon't)

11. Digest 8-1 at 85 C. for 1 hour

12. While digesting, shut off 8-1
agitator, read. Wt.Ftr,, Temp. and
Sp. Gr. when Sp.Gr. meter becomes
constant, then start 8-1 agitator.

/9JJ- JO/7$-t

PRODUCT EXTRACTION

DECLASIFIE
Time start Time end

8-1 Agitator off
8-1 wt. tr. Lbs.
Sp. Gr-. Temp.
8-1 Agitator on

13. Call dispatcher, give charge data and Time called
request that sample 8-1 MR be taken Time sampled

14. When notified by the dispatcher that
sampling is complete, add water from
8-lA to make total weight in 8-1 up
to 28,150 lbs.

15. Add 344 lbs. of 24% Bismuth solution
(Line R) to 8-1 via 8-1E.

16. Flus 8-E to 8-1 with 50 lbs. of
proo&ss water.

17. Digest 8-1 for 15 minutes

18. Add 2625 lbs. of 75% Phosphoric Acid
(Line F) to 8-1 via 8-1A at a rate of
15 lbs. per minute.

19. Flush 8-1A to 8-1 with 50 lbs. of
process water.

20. Bec1man reading on 8-1.

21. Digest for 2 hours at 85 0.

22. Turn-on 8-1 cooling water

23. Stop 8-1 agitator and read Wt.Ftr.,
Tomp. and Sp.Gr. when Sp.Gr. meter
becomes constant, then start 8-1
agitator again.

24. Cool to 50.0. and leave coolin water
on until 8-1 is empty or at 25.C

3.2 R o/45 -536-

Lbs. added Time added

Lbs. added Time added.-

Lbs. added ime added

Timo start Time end

Time start Time end

Lbs. added

Lbs. added Time added

Meter Factor_

Time start Time end

8-1 Jacket water on

8-1 Agitator off .
8-1 Wt. Ftr.- _Lbs.
8-1 Sp.Gr.~ rnrTomp.
8-1 Agitator on

Time 50 C.
Cooling water off

--
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Date
Run No.

II - OEliTRIFtJGATION

1. Beckman reading on 8-2. Meter

2. Supervisor's approval to Beckim
start centrifugation Array

Appro

3. Set the centrifuge skimmer and Time
bring the centrifuge to 870 RPM

4. With 8-2 at 870 RPM and using the Time
"A" Jet, jet slurry from 8-1 to 8-2 Trans
at the rate of 140 lbs. per minute.
Check the rate at intervals to in-
sur& proper rate. Shut off 8-1
agitator when the Wt.Ftr. reaches 8-i A
0.2-

5. Turn on 8-3 air sparter and jacket 8-3 A
cooling ,water 8-3 J

6. When transfer from 8-1 to 8-2 stops, Time-
indicated by leveling off of the
8-3 Wt. Factor trace (do not shut
off jet), jet from 8-3 to 8,1 for
30 seconds and empty 8-1 again.
Repeat this operation 2 times
to flush out 8-1. Shut off jet on
completion of the recycling.

7. After 5 minutes skim 8-2 to a 10 Time-
gallon heel.

8. Add 500 lbs. of water to 8-1 via Lbs&
8-in-

9. With cooling water on the jacket, Time
circulate through 8-1 spray for
8 minutes. Hold 8-1 temperature
below 500.

-OwD- /ov -C
PRODUCT EXTRACTION

DECLAMIFED
Factor

an limit
previous run

ved by: Tm
Supervisor

870 RPM - ---

start - -Time end
fer rate Time

Avg.
gitator off

Lr sparger on
acket water on

start Time end

end

added Time added

start - Time end

3.3 R 10/45

0j
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Date
Run No.- -

II - CENTRIFUGATION (Cont'd)

10. Jet 0-1 to-8-2, using the "A" jet
When transfer stops, indicated by
leveling off of the 8-3 Wt.Factor
trace, shut off the "A' jet. Using
the "B" jet, again jet 8-1 to 8-2.

11. After 5 minutes skim 8-2 to a 10
gallon heel.

12. Plug 8-2 to stop.

13. Add cake dissolving acid to 8-1
and start circulation (See page
3.6Esteps 1-5 incl.) before
-eteting cake washing.

3.4 R 10/45 -538-

,ps- /0V/72~C
PRODUCT EXTRACTION

DECLASSIFIED
Time-end,_

Time: end. -__

Time stop

Time- added --



Date
Run No.

CAE WASHING

1. Bring 8-2 to 10 RPM, add 250 Time
lbs, of process water through
the 8-2 bowl sprays at full Lbs.
pump pressure.

2. Bring 8-2 to 140 RPM, hold 2 Time
minutes then plug to stop.
Repeat twice.

3. Read 8-2 Manometer. Mano

4. Bring 8-2 to 870 RPM, hold 5
minutes and skim to 10 gallon
heel.

5. Plug 8-2 to stop.

6. Bring 8-2 to 10 RPM, add 250
lbs. of process water through
the 8-2D bowl sprays at full
pump pressure.

r. ring 8-2 to 140 RPM, hold 2
minutes then plug to stop.
Repeat twice.

8. Brine 8-2 to 870 RPM, hold 5
minutbs and skim to 10 gallon
heel,

9. Beckman reading on 8-2

10. Plug 8-2 to stop.

hftt /0/ rC
PRODUCT EXTRACTION

DECLASSIFIlED
10 RPM

added Time added

end

meter Lbs.

Time end

Time stop

Lbs. added Time added

Time end ,

Time end

Meter Factor

Time stop

V

0

3.5 11 10/45
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Run No

IV. PRODUCT CAKE SOLUTION

1. Beckman reading on 8-4

2. Add 2710 lbs. of 60% Nitr:
(Line G) to 8-1 iria 8-1A.

3. Flush 4-A to 8-1 with 50
of prodess water.

4. Start 8-1 agitator

5. With cooling water on the
circulate through 8-1 spr
20 minutes. HOLD 8-i TPM
BEtOW 5COC.

6. Jet slurry from 8-2 to 8-1

7. Using $_he "A" jet, jet 33(
of acid from 8-1 to 8-2.

8. Bring §-2 to 140 RPM, hol1
then plug to stop. Repeal

9. With 8- stopped, jet 8-2

10. Start t-4 agitator and ja
oooling water.

11. Using the 'A" jet, jet 33
of acid from 8-1 to 8-2

12. Shut off 8-1 agitator.

13. Bring 8-2 to 140 RPM, hol
mine. then plug to stop. I
twice.'

14. With 8-2 stopped, jet 8-2

15. Using the "A" jet, jet 33(
acid from 8-1 to 8-2.

16. Bring 8-2 to 140 RPM, holt
then plug to stop. Repeal

17. With 8-2 stopped, jet 8-2

18. Using jhe "A" jet, jet 33C
acid. fiom 8-1 to 8-2.

PRODUCT EXTRACTION

fir weQIrBrl

Time Jetted

8-2 Wt. Ftr.I _ Lbs.

Time start Time end

Time Jetted

8-2 Wt.F_. _ Lbs.

-540- ion

Meter Factor -

to Acid Lbs. addad Time added

lbs. Lbs. added Time addet -
8-1 Wt.Ftr. Lbs.

8-2 agitator on

jacket, 8-1 jacket water on
ay for Time start Time end
BPNATURE Maximum temperature

8-1 jacket water off

4 Time jetted

) lbs. 8-2 Wt. Ftr. Lbs._

1 2 mins. Time start Time end
6 twice.

to 8-4. Time Jetted_

cket 8-4 agitator on-
8-4 jacket water on_

2 lbs. 8-2 Wt. Ftr. Lbs.

8-1 agitator off

1 2 Time start Time end

-

-
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Date
Run NoT

IV - PRODUCT CAK SOLUTION (Cont'6.)

19. Bring 8-2 to 140 RPM, hold 2 min.
then plug to stop.

20. With 8-2 stopped, jet 8-2 to 8-4.

- DECLASSIFIED
Time ei4

Time jetted

21-. Becknan reading on 8-2 Meter Factor

Note If Beckman reading is greater than on the 10 scal.C,
7 notify the superviior and with his approval add the remaininiB

acid in 330 lb. shots until the Beckman'reaohes this level or
the acid is used up.

22. Bring 8-2 to 10 RPM and using the "A"
jet remaindbr. of acid from 8-1 to
8-2 to 8-4. Keep the bowl as empty as
possible during this operation. When
the 84 to 8-2 transfer stops, shut off
the "A" jet and plug 8-2 to stop.

23. Jet 8a: to 8-4.

24. Usingthe "B" jet, again jet 8-1 to
8-2. -When the transfer stops, shut
off 3et and read 8-2 manometer.

25. Jet 8-2 to 8-4.

26. Beckmin reading on 8-2.

27. Shut off 8-3 air sparger and read
Wt.Ft_., Temp, an& Sp. Gr. when
Sp.Gr- meter becomes constant-- then
start 8-3 air sparger again. (TW
approt. 32,500 lbs.)

28. Call dispatcher, give charge data
and request that sample 8-3 WS be
taken.

Time start Time end

Time-stop

Time jetted_

Time start Time end

8-2 anometer .. Lbs.

Time jetted

Meter Thtor ____

8-3 Air sparger off
8-3 Wt. Ftr. Lbs.
8-3 Sp. Or. Temp.
8-3 Air sparger on

Time called
Time -ampled

V

ami

m-

F

3.7 R 10/45

[7
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Date
Run No.

IV . PRODUCT dAZE SOLMTION (Cont 'd)

29. Agitate 8-4 for 1 hour below 40.C.
after the final addition of dissolving
acid XStep 25 above).

30. Stop 8-4 agitator and read Wt. Ftr.,
Temp. -and Sp.Gr. when Sp .Gr. meter
becomes constant, then start 8-4
agitator again. (TW approx. 3500 lbs.)

31. Beckman reading on 8-4.

32- Call dispatcher, give charge
data *n& request that sample
8-4-- be taken.

33. When the dispatcher approves,
jet 8-4 to 12-6. When the
trander stops, put jet on air
for 0 minutes and again jet
8-4 and 12-6.

34. Shutoff 8-4 agitator and
jacket cooling water.

'tzu- /o4/ ?J C
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DECLASSIFIED
Time end

8-4 Agitator off
8-4 wt. Ftr. Lbs
8-4sSp.Gr .Temp.
8-4-Agitator on_ ,___

Meter Factor.

Time called

Time sampled

Time approved

Tim76 start Time end

8-4 Agitator off

8-4 Jacket water off
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V - MTAL WASTE SOLUTION

1. Beckman reading on 8

2. When the dispatcher
off the air sparger
first half of metal
in 8-3f_to 9-1.

3. Turn on-8-3 air spar

4. When the dispatcher
the last half of metE
tion irU8-3 to 9l,

5. Shut oft 8-3 air spaz

Date
Run No.-

-3 eter __ Factor

approves, shut Time approved
and jet the
waste sol~tion 8-3 air sparger off

Time start

Time end

8-3 W Ftr. .rLbs.

ger. 8-3 afr sparger on - --

pproves, jet Time approved
l waste solu-

Time start Time end

8-3 Wt-Ftr. - Lbs.

ger and jacket 8-3 air sparger off

8-3 Jactet water off
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HA1FORD ENGIER WORKS TECHNICAL MANUAL

SECTION C - SEPARATIONS

CHAPTER VI - DECONTAMINATION

During the decontamination cycles, the fission elements are largelyeliminated from the product. It is necessary to reduce the activity associ-ated with the product by a factor of 105 in the Canyon Building before trans-fer to the more lightly shielded Concentration Building can be made safely.Some concentration of plutonium takes place during decontamination: in theextraction step the product is associated with 88 pounds of BiPO4 , as itenters the Concentration Building it is associated with 43 pounds of BiPO4.
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General

During the decontamination cycles, the fission elements are largely re-
moved from the product in a series of alternate precipitations of by-products
and product. Advantage is taken of the difference in solubility of plutonium
phosphate in its oxidized and reduced state to effect the separations. The
product in the extraction cake solution is oxidized with sodium bismthate
to the VI valence state, in which form it is not carried by bismth phosphate.
The bismuth phosphate in solution is then reprecipitated, along with added
cerie and zirconium phosphates which aid in removing phosphate insoluble fis-
sion elements, leaving the product in solution. After separation of this
precipitate, the product is reduced to the IV state with ferrous ion and more
bismuth phosphate is precipitated in the presence of ammonium silicofluoride.
This bismuth phosphate carries the product, leaving in solution the major por-
tion of any phosphate insolubles "leakage through" the by-product step, by
solubilization with the silicofluoride, and a large portion of those phosphate
soluble fission elements which have carried through to this point. This series
of operations constitutes the first decontamination cycle. The second decon-
tamination cycle is the same as the first, except no cerium and zirconium"scavengers" are added.

Oxidation

The oxidation states of plutonium have been discussed previously (See
Chapter I), as have also the various oxidants capable of oxidizing plutonium
to the VI state (PuO2 - II). Sodium bismthate is the only chemical which
has been used for the primary oxidation at Hanford-and the pilot plant. Al-
ternate agents, NaeOr2 O , DMn0 4 , Pb304, have shown satisfactory perform-
ance in the-laboratory, less promising results in semi-works, and have not
been evaluated in plant operation. Since sodium bismuthate is decomposed in
strong acidi, sodium dichromate is also added as a "holding oxidant" to stabi-
lize the oxidized plutonium.

Before.-any oxidation can be successful, the product to be oxidized mst
be in solution. Oxidation with sodium bismuthate is affected by such process
variables as acid strength, temperature, presence of other salts, and bismuth-
ate concentration. At NaBiO3 concentrations below 0.005 M, the oxidation of
plutonium is incomplete, decreasing rapidly with decreasing bismathate concen-
tration; at 0.005 M, the oxidation is critical with respect to variations in
temperature and acidity; at concentrations above 0.01M, oxidation is complete
and less affected by other process variations. At any given temperature, the
rate of bismuthate decomposition increases with increasing acidity, and at anygiven acidity, the rate of decomposition increases with increasing temperature.
The presence of dissolved bismth phosphate decreases the rate at which sodium
bismuthate is decomposed; the presence of sodium dichromate slightly increases
the decomposition rate. Using 0.OlM NaBiO3, the range of acidity in which
oxidation is complete within an hour is 1 to 8.5 N. In 1N acid, the tempera-
ture must be increased to 750 to obtain appreciable- bisuxthate decomposition;

- 603 -
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in 8.5N acid the temperature mst be reduced to 40-45 OC to prevent too rapidbismathate decomPosition. For practical purposes the acidity for oxidationmst be between 3.5N and 8.5N; the lower limit determined by the solubility
characteristics of bismuth phosphate, the upper limit determined by the com-pleteness of product oxidation. In 10 N acid, plutonium is not completelyoxidized under the process conditions.

Produt oxidation by sodium bishuthate, or other oxidants, is greatlyinh-bited by the presence of fluoride or silicofluoride ions. Using higherconcentrations and more drastic -onditions, plutonium has been oxidizedsuccessfully in the presence of silicofluoride in the laboratory.

By-Product Precipitation

The purpose of making the by-product precipitation is to remove thedissolved bismth phosphate from the oxidized solution, together with as muchof the phosphate insoluble fission activity as possible, with as little pro-duct as possible.

Whether the by-product precipitation is made in the presence or absenceof scavengers, process variables such as the method of striking, temperatureof striking, concentration of nitric acid, concentration of phosphoric acidand length of digestion have very little effect upon the product lost in theprecipitate. Nitric acidity up to 2 N has been shown to have no effect uponthe product loss; the completeness of the preceding cake solution and oxida-ton steps being the single factor of greatest importance affecting productloss in the by-product step.

The by-product bismuth phosphate precipitation is made by a "dilutionstrike". Additional phosphoric acid is added to reduce the bismuth phosphatesolubility to a minimm. The order of the dilution, i.e., the oxidized solu-tion into water or water into the oxidized solution, has been shown to haveno effect upon product lose, decontamination or precipitate characteristics.The precipitate consists of long rods, approximately 2x10 microns, with asurface area of approximately 0.2 square meters/gram. When cerium and zir-conium are also precipitated, the surface area is increased approximately100-fold to 20-25 square meters/gram.

The solubility of the by-product cake is approximately that of theproduct cakes (See Figure 1) although the possibility of forming the lesssoluble beta, form is greater, due to the very low iron concentration in theby-product step (iron has been shown to prevent the formation of the betaform). The solubility of the beta form is shown in Figure 2. The rates ofsolution of the various precipitates is given in Figure 3.
When coria and zirconium phosphates are also precipitated as scavengersin the by-product step, the product loss is increased several-fold, duelargely to the increased cake size and the inability to wash it effectively.
Zirconium phosphate is a gelatinous, bulky, difficultly centrifugableprecipitate which, when coprecipitated with ceric phosphate, becomes

604-
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sufficiently "cemented" to be easily centrifugable. The ceric phosphate also
aids in removing the cake from the centrifuge bowl. Zirconium phosphate is
essentially insoluble in nitric acid and ceri phosphate is only slightly
soluble. However, if hydrogen peroxide is added to the dissolving acid, it
reduces the cerie phosphate to the soluble cerous phosphate with liberation
of oxygen. This gas liberation plus the dissolving of the bismuth and
cerium aids in slurrying the insoluble zirconium out of the bowl. A mixture
of nitric acid and peroxide is not stable in stainless steel, so the peroxide
must be added separately to the centrifuge bowl.

Reduction

After the phosphate insoluble fission elements have been largely removed
with the by-product precipitate, the plutonium is reduced to the IV state in
order that it may be removed from solution and separated from the phosphate
soluble fission elements.

The majority of the reducing agents which have been shown to reduce
product - ferrous ion, hydrogen peroxide, hydrazine, hydroxylamine, sodium
nitrite, uranous ion, sulfur dioxide oxalic acid and hypophosphorous acid
reduce it to the poorly carried (III) state or mixtures of (III), (IV) and
(v) states. Uranous ion reduces plutonium directly to the (IV) state and
has been demonstrated on both the laboratory and semi-works scale. However,
in the absence of aflicofluoride, the decontamination obtained in the product
precipitation, step is lowered several fold over that obtained with ferrous
ion (data are unavailable on the effect of silicofluoride).

Ferrous ion rapidly reduces plutonium to the (III) state but the excess
Fe (II) and Pu (III) are rapidly oxidized by heating in 11 EN03 solutions to
Fe (III) and Pu (IV) respectively. In addition, decontamination is improved
by its use which makes it the preferred reducing agent of all those investi-
gated. Ferrous ion has been used continuously in both the pilot plant and
Hanford for reducing product in the decontamination cycles.

Process variables affecting reduction with ferrous ion are: ferrous
concentration, temperature, order of addition, and nitric acid concentration.
Iron concentratione in excess of the holding oxidant present, within the range
0.002M to O.05M, have been found satisfactory; at the lower concentration, the
iron may be oxidized by air o- nitric acid before reducing all of the plutonium,
at higher concentrations (0.1k) interference with product carrying on bismuth
phosphate results. The reverse procedure transferring the oxidized process
solution into a tank containing the iron solution, may result in oxidation of
all the iron before all of the product has been transferred, with a resultant
los in the subsequent product precipitation step.

Temperature and nitric acid concentration influence somewhat the oxida-
tion of Pu (III) to Pu (IV), but their effect on the Fe (II) is of greater
importance. At higher temperatures and acidities the iron may be completely
oxidized before it becomes uniformly mixed throughout the process solution,
resulting in incomplete reduction of product.

- 608 -



HW-10475-SEC. C

COPY NO. 63 SERIES C

PROCESS

Product Precipitation

In order to obtain some volume reduction during the decontamination
cycles for the purpose of improving the process performance in the Concentra-
tion Building, the product is carried on successively smaller quantities of
bismuth phosphate in the two cycles. This is accomplished by reducing the
concentration of bismuth in the product solution.

Due to the increase in the process volumes of the first decontamination
cycle over that of the extraction step, the bismuth concentration required to
produce the same weight of bismuth phosphate is decreased to 1.8 grams/liter.
This concentration has been reduced successfully-to 1.4 grams/liter, and
laboratory data have shown that reducing it to 1.0 grams/liter results in onlyslight increase in waste losses. At lower bismuth concentrations, however,
the process becomes more critical to variation in other variables as shown in
the following:

Interdependence of Process Variables during Product Precipitation

Number of Bi Cone., Strike Tiw*n Digestion Digestion Avg. Waste
Precipitations g/l Minutes Time, Ere. Temp., OC Loss,

12 1.8 45 2-- 75 0.27

13 1.4 45 2 75 o.65

12 1.4 120 2 75 0.33

*Time required to add both the bismuth solution and the phosphoric acid.

The influence of phosphoric acid concentration upon product losses in
this step has not been determined at Hanford, but- laboratory results have
shown that the effect is very minor within the concentration range of 0.2M to
o.6 M.

At nitric acid concentrations up to 1.5 N, this variable has very slight
effect upon product carrying. As the acidity is increased, however, increased
waste losses occur due to the increased solubility of bismuth and plutonium
phosphates. At high acidities (1.75 N or higher), measures designed to de-
crease solubility of bismuth and plutonium phosphate - increased bismuth con-
centration, increased phosphoric acid concentration, increased temperature,
and slower rate of precipitation-result in greater carrying and lowered losses.

The effect of temperature on product precipitations was discussed in
Chapter V. The general effects are the saxw as in the extraction step, ex-
cept to a lesser degree due to the absence of 'uranium. Temperatures in the
range 85 to 65 00 influence product loss only slightly; below 65 0 the pro-
duct losseb increase with decreasing temperature.

Digestion time has been shown to have less effect upon the product carry-
ing than the strike time. The bismuth phosphate formed during the product
strike is less coarse than the extraction precipitate, but much more granular
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than the by-product precipitates. It has a surface area approximately 1
square heter/gram, which is not altered by the 2-hour digestion. The solu-
bility characteristics of the product precipitates are presented in Figures
1 and 3.

Bismath Phosphate Metathesis

In order to insure complete solution of the product-containing bismth
phosphate precipitates, it has been found inadvisable to reduce the HNO3 /BiPO4 weight ratio below 22. In certain instances, however, it may become
desirable or necessary to dissolve a cake in less than this amount of acid.
For these instances, plant tests have demonstrated that the bismuth phos-
phate can be readily converted to the more acid soluble bismth hydroxide
by treating with 35% KOH. The potassium phosphate is removed by water wash.,ing before attempting to dissolve the bismth hydroxide in the reduced quan-tity of acid. A loss of approximately 0.4% product results from such meta-thesis procedure.

Factors Influencing Decontamination

In order to obtain maximm d",contamination by making precipitations
alternately from oxidized and reduced solutions, it is necessary to incor-porate as mch fission activity as possible with the precipitates made inthe oxidized solutions and as little as possible with the precipitates madein the reduced solutions.

Laboratory studies made on the incorporation of fission elements intobismuth phosphate precipitates have revealed that dynamic recrystallization
plays a very important role in the up-take or self-purification of these
precipitates. In solutions where the bismth phosphate solubility is very
low, it was found that the pickup of activity could be described quantitative-
ly on the basis of diffusion through the solid. In general such aging pro-
cesses as crystal self-perfection, agglomeration, irreversible cementing ofparticles, and polymorphic transitions were found to be unimportant or to
become unimportant within a few minutes after precipitation.

The factors having the greatest effect upon the decontamination obtainedare: ooncentration of fission elements, completeness of solids separation,
and presence of added ions. At low concentrations (5 grams Pu/ton) the quan-tity of fission elemente present in the extraction cake is small enough to
permit the by-product bismuth phosphate precipitate to carry most of the phos-phate insoluble elements, reducing their concentration by a factor of approxi-mately 50-100. However, at higher concentrations (250 grams Pu/ton) the
quantity present exceeds the solubility product of columbium and zirconium
and the bismth phosphate fails to remove them effectively from solution, de-creasing their concentration only by a factor of 3-5. For this reason, ceriumand zirconium "scavengers* are added to remove the phosphate insoluble. moreeffectively, resulting in a decrease of fission activity of approximately
25-50 fold. _The cerium and zirconium are added to a phosphate-free slurry topermit more complete exchange between the-normal and radioactive ions before
making the precipitation. In addition to this improved carrying, the
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flocculent ceric and zirconium phosphate help to -sweep insoluble "crud" and
mad from the solution. Precipitating and removing another cerium or cerium-
zirconium phosphate precipitate from the sama solution further reduces the
fission activity by a factor of 2, but at a considerable cost of time.

After the first decontamination cycle, the phosphate insoluble fission
elements are such a small fraction of those remaining with the product that
another scavenger by-product precipitation reduces the total activity only
slightly more than does a regular by-product precipitation. The bismuth
phosphate-by-product precipitation made in the second decontamination cycle
reduces the total activity present by a factor of approximately 2-4.

In the presence of added ions such as dichromate or ferric, even at low
concentrations (0.001 M), there is a marked up-take of these ions with a re-
sultant reduction in the rate of fission element up-take.

buring the product precipitation steps, the presence of added silico-
fluoride ion (0.05M) materially aids in decreasing the pick-up of residual
phosphate insoluble activity. This results from solubilizing, by complexing,
pny remaining columbium or zirconium activities. ,Other metal fluo-complexes
have this same property and have shown decontamination factors in the labora-
tory greater than or equal to those obtained with silicofluoride: fluomolybdate,
fluoborate, fluovanadate, and fluouranate. The presence of silicofluoride,
however, has a compensating, injurious effect upon decontamination; it increases
the amount of phosphate soluble rare earth elements carried by the bismuth
phosphate product cake. The net effect, however, is an increase in decontami-
nation resulting from its use; a factor of 9-10 without silicofluoride and a
factor of 10-20 with silicofluoride. The increased quantities of rare earth
fission elements carried with the product present no special problem, since
a special step designed for their removal is included in the concentration
process (Chapter VII).

The effect of iron in the process solutions, noted previously, of exclud-
.ing fission elements from the bismuth phosphate precipitate, may slightly
decrease the removal of fission elements with the by-product precipitates,
but increases several fold the self-purification of the product precipitates.
Laboratory comparisons of ferrous, uranous, and oxalate ions for reducing
plutonium showed relative decontamination factors for the product step of 20,
9 and I respectively.

Before the product can be processed with safety in the Concentration
Building, the gross gamma fission activity must be reduced by a factor of
109. This is normally accomplished by the two decontamination cycles. How-
evpr, a one-cycle process has been demonstrated in the laboratory to produce
1 decontamination, but at a coat of 5-10% yield.

Recovery of Product from Wastes

The wastes from the decontamination cycles consist of the scavenger by-
product, the regular by-product, and the two product effluents. Losses in
the product effluent great enough to justify reworking would result from

a
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either incomplete reduction, incomplete carrying, or incomplete solids separa-
tion. In any of these cases the waste would be returned to the precipitator
and either recentrifuged or processed .as a regular charge, care being taken
not to accumlate volume great enough to overflow the tanks.

In case the regular bismth phosphate by-product precipitate had to be
reworked for the recovery of product, it would be treated as a product cake
(oxidized in the precipitate dissolver and returned to the precipitator
where it would be processed as a regular by-product precipitation).

Reworking the scavenger by-product cake for the recovery of product may
be accomplished by several methods. One method, developed in the laboratory
but not tested in the plant, consists of solubilizing the zirconium phosphate
by making the solution 0.3 M in ammonium silicofluoride, destroying residual
peroxide with ferric ion, oxidizing the product with sodium bismuthate (0.lM)
diluting and making another by-product precipitation without added scavengers,
then proceeding with a regular product precipitation step. Another method,
tested in the plant, consists of solubilizing the zirconium phosphate with
ammonium silicofluoride followed by a product precipitation in the presence of
0.03 M ferrous ion and 0.3 M silicofluoride ion. This permits separation of
the bismuth and plutonium from cerium, zirconium and silicofluoride. The
product cake is then dissolved, oxidized, and processed as a regular by-product
step, without scavenger.n. Since the presence of 50% extra bismth makes the
solution and subsequent oxidation of the product more difficult, a metathesis
of the cake to bismth hydroxide before solution in nitric acid would be
beneficial.

EQUIPMTEI'

Following the extraction step in Section 8, the product solution is
transferred to Section 12 where it is oxidized before proceeding to Section
13 wherein the first by-product precipitation is made. Sections 13,14,16,
17,18, and 19 are also "standard sectionsa, which have been described
earlier. Figures 4 and 5 show views of Celle 27 and 28, Section 14, in
which the product precipitation of the first decontamination cycle is made.

Section 12 - Product Storage and Oxidation -

Section 12 L contains two tanks (Drawing W-72798) for storage of crude
product solution from the extraction step. These are 6 1/2 foot diameter- by
14 foot high jacketed unagitated tanks. The over-flow capacity of each is
3230 gallons.

The connections to each tank include thermometer, liquid level, sanpler,
sparger, transfer to the other storage tank, and transfer to Section 12 R.

In 12 R there are two solution tanks identical in design and instrunenta-
tion with those in the standard sections. They are operated from 'I" panels
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as shown in Figure 6. These tanks are used for oxidation of the crude pro-duct solution which is then jetted to either Section 13 or 16 for the firstdecontamination cycle.

Section 13, 16 and 18 - By-Product Precipitation

Sections 13, 16 and 18 are standard sections. The cell equipmant andinstrumentation in them are identical to that described in Chapter V, and areshown in Figures 7, 9 and 11. The gauge boards differ from the standard sec-tion board in that the catch tank panel "F" is replaced by an "L" panel whichhas one less gang valve. On the right of Section 18 board is added an "H"Panel which carries a safety meter recorder attached to the meters in Sections16, 17 and 18.

The gallery tank arrangemant is also similar to that in a standard section.The "A" tank supplies 60% nitric acid to the precipitator for cake dissolvirg.The "C" tank can be used to feed nitric acid directly to the centrifuge bowl.The phosphoric acid added in a by-product precipitation is approximately 300Pounds and is added through the 75 gallon "E" tank rather than through the4 00-gallon "A" tank.

The standard arrangemant is used for transfer lines within the section.The outlets to the trench consist of two lines for sending the by-productcake solution from the solution tank to waste disposal in Section 15, anda connection from the catch tank to the precipitator in the next section.The precipitators in Sections 13 and 16 can receive product solution directfrom storage. In Sections 16 and 18 the precipitators can also receive pro-duct solution from a preceding decontamination cycle: Section 16 is con-nected to the solution tank in Section 14, Section 18 to the solution tanksin both sections 17 and 14. This arrangement makes it possible to run twosuccessive cycles in any two pairs of the three double Sections 13-i4, 16-17and 18-19.

18 A special line in Section 19 Jets from the solution tank to the Sectionprecipitator. This permits a troublesome batch, which decontaminatespoorly, to be segegated in these sections and put through successive decon-tamination cycles until the activity is sufficiently reduced.

Sections 14, 17 and 19 - Reduction and Product Prcipitation

These are also standard sections, similar to Section 8. The gauge boardshave the solution tank panel "W" replaced by "K" which has one less gang valve.
In SectioxL14, an "H" panel with safety meter recorder for Sections 13-16 in-clusive, is added.

The gallery scale tank arrangement differs from Section 8 in that anextra tank is placed in position "F", for adding oxidizing agents to the solu-* tion tank.

Process piping between vessels within a section is connected in the stand-ard manner. Other lines are shown in Figures 8, 10 and 12. Product solution
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CELL. PIPING AND GAUGE BOARD DIAGRAM, SECTION 12.
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OPERATIONS

is received in the precipitators from the catch tank of the preceding section
(by-product precipitation). After precipitation and separation of the pro-
duct, the catch tank effluent is sent through one of two lines to waste dis-
posal inSection 15.

All connections to the Concentration Building are in Sections 17 and 19.
The regularly used line is from Section 17 solution tank. A spare from Section
19 is used if a second or third decontamination cycle is run in this section.
If a batch delivered to the ConcentrationBuilding is found to be insufficient-
ly decontaminated, it is sent back in a return line to Section 19 solution
tank. Here It is oxidized and jetted to Section 18 precipitator for an addi-
tional de contamination cycle. A second line from the Concentration Building.
enters the catch tank in Section 17 This is for the return of active tAlstes
which are jetted to Section 15 for disposal.

OPERATIONS

First Decontamination Cycle -

Oxidation

To start the first decontamination cycle, the 3,350 pounds (305 gallons)of produo solution jetted from Section 8 to crude product storage is trans-
ferred to-one of the solution tanks in Section 12 R by way of the 12-6 Crude
Product Storage Tank in Section 12 ..- Although this transfer is through the
12-6 Crude Product Storage Tank, more than one batch of crude product solution
is not normally held in storage and the identity of a single extraction chargeis not loit. The concentration of nitric acid is brought down to approximately
34% (6.5 N) by diluting with 900 pounds (108 gallons) of water. For success-
ful oxidation, the acid concentration should be close to the specified figure.

A 10% sodium biemuthate slurry (16 pounds of - NaBiOq in 111 pounds of
water) is made up in a 20-gallon stainless steel-dolly tank in the 271 Build-
ing chemical preparation room and delivered to Section 12 when needed. The
sodium bisrnthate slurry is added to the acid _cake solution _and followed by
55 pounds of .10% sodium dichromate solution which is added from the "D" solu-tion header by way of Weigh Tank 12-70. The solution is heated to 45 OC and
agitated for I hour at this temperature to complete the oxidation. The sodium
dichromate serves as a holding oxidant-and stabilizes the oxidized product.
Without the dichromate, the product may be partially reduced if it is neces-
sary to let the _solution stand for a few hours in stainless steel equipment.
The reduced product in that case is lost in the by-product precipitate.

On ,ompletion of the oxidation the solution is cooled to 35- C and trans- -
ferred totSe.ction 13. -

By-Ptoduct Precipitation

The 13,500 pounds (1620 gallons) of dilutiotwater for reducing the nitric-

4 - -i_
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acid concentration of the oxidized cake solution to 8% (1.4 N) is added to
the precipitator in Section 13 and heated to 40 OC during the oxidation period.
When oxidation is complete, the oxidized solution (4800 pounds or 470 gallons)
is transferred from 12-7 to 13-1 after which 140 pounds of 24% bismuth sub-
nitrate solution are added to the precipitator from Chemical Header R by way
of Weigh Tank 13-1E .and the solution heated to 75 00. The bismuth phosphate
precipitate is partially formed during dilation of the oxidized solution.
This precipitate partially carries the phosphate insoluble fission elements,
but leaves the oxidized product in solution. After digesting for 1 hour at
75 00, the solution is cooled to 35 OC and precipitation is completed by the
coprecipitation of the cerium and zirconium scavengers at 35 OC. These remove
more completely the phosphate insoluble fission elements which otherwise remain
in solution and contaminate the subsequent product precipitate to an important
extent. Ziiconium and columbium are the elements of this type for which the
scavengers are specific.

Just prior to the scavenger precipitation, an additional 27 lbs. of 10%
sodium dichromate is added to insure maintaining the product in the oxidized
state. Cerium-zirconium scavenger solution, prepared in the 271 Building
chemical preparation room by adding 4.5 pounds of ceric salt ((Nf) 2 0e(NO3)6)
to 70 pounds of 10% zirconium carbonate gel solution (1.5 + 0.05% Zr ) in a
20-gallon stainless steel dolly, is added to the precipitator and agitated for
10 minutes at 35 OC. The precipitation is then completed by the rapid addition
of 267 pounds (20 gallons) of 73.5% phosphoric acid, the solution agitated for
1 hour at 35 00, cooled to 30 00 and centrifuged.

The by-product precipitation itself is simple and is not critical. Thorough
agitation during all stages is important, but the times, quantities, and temper-
atures may be varied to a considerable extent.

Centrifuging of By-Product Precipitate

The centrifuge skimer control is set, the centrifuge is brought up to
870 rev./min. and the slurry is jetted to the bowl using the "A" jet at the
rate of 110 pounds/minute. This slower rate is used to give a larger (5-min.)
retention time in the centrifuge for the more difficultly centrifugable pre-
cipitate. When the transfer stops, indicated by the leveling off of the catch
tank weight factor trace, and with the 1 to 2 Tank jet running, approximately
350 pounds of effluent are jetted back to the precipitator from the catch tank
to clean out settled precipitate. This recirculation is repeated twice.

The first water wash of 500 pounds (60 gallons) is added to the precipi-
tator and circulated through the distributor for a few minutes to pick up
as much as possible of the residual precipitate. It is then jetted to the
bowl using the "A" jet. When the transfer stops, the precipitator is again
jetted to the centrifuge bowl using the "B" jet. The use of the alternate
jet arrangement (See Chapter V) is designed to reduce to a minimum the chance
of leaving l.arge heels in the precipitator due to premature cutout of the jets.
After the wash has been centrifuged for 10 minutes, the bowl is skimmed to a
30-gallon heel. Special care must be exercised in skimming due to the possi-
bility of skimming zirconium phosphate "fuzz", which is difficult to centri-
fuge, into the effluent. For the second wash, the bowl is brought to 10
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rev. /mn. and the cake is cut off the walls by the addition of 85 pounds of
water through the bowl sprays. The cake and wash are slurried three times by
bringing the bowl to 140 rev./min. for 2 minutes and plugging to stop. After
slurrying the cake and wash water are again separated by centrifuging at 870
rev./min. for 10 minutes and then skimmed to a 30-gallon heel.

The oxidized product solution and washes in the catch tank amount to
approximately 20,4OO pounds (2350 gallons). This is jetted to the precipi-
tator in the next section for product separation. It should contain about
97-98% of the product and lea. than 1% of the fission activity present in
the original metal solution.

Solution of the By-Product Cake

In spite of the recycling and water wash, some by-product precipitate
adheres to-the walls of the precipitator. If not removed, it continues to
build up and form a deposit which may result in loss of both product and de-
contamination. To prevent this, the 2520 pounds of 60% nitric acid used for
dissolving the by-product cake is added to the precipitator and agitated and
circulated for 20 minutes.

The presence of the cerium and zirconium phosphates, resulting from the
use of scavengers, makes necessary a special dissolution technique. In order
to break uk the cake so that it may be removed from the centrifuge bowl by
jetting, the bismuth phosphate is dissolved in nitric acid and the cerium
phosphate is solubilized with hydrogen peroxide solution. This leaves the
insoluble zirconium phosphate in the form of a thin slurry. The acid is
jetted to the centrifuge in 315-pound portions. The centrifuge is brought
to 10 rev./min. and 24 pounds of 27% hydrogen peroxide is added directly to
the centrifuge by way of the 13-2C Weigh Tank. As each portion of acid and
hydrogen peroxide is received in the centrifuge it is slurried with the cake
and transferred to the solution tank. In slurrying, the bowl is brought up
to 140 rev./min., held for 2 minutes, and plugged to stop; this is repeated
5 time. Five separate shots of dissolving acid and peroxide are slurried
through the bowl, and the remainder of the nitric acid in the precipitator
is flushed through the bowl to the solution tank using the alternate jet pro-
cedure to guard against leaving a heel in the pr.ecipitator. On completion of
the addition of the acid shots, the Beckman meter level is checked as a meas-
ure of the completeness of cake removal, and, if the Beckman reading has not
returned to the initial background level, the remainder of the acid is slurried
through the bowl in 315-pound portions.

The cake and acid are agitated in the solution tank for 1 hour below
4o 00 to complete the dissolving and jetted to waste disposal in Section 15.

Reduction and Product Precipitation

The 26,400 pounds (2350 gallons) of oxidized product solution received
in the Section 14. precipitator is reduced with ferrous ammonium sulfate, in
the presence of ammonium silicofluoride. A ferrous ion concentration of 0.04M
is obtained by the addition of 390 pounds of FeS%. (Ij4 )2s04-6n 0 in 20% solu-
tion. Besides reducing the product, the iron has a beneficial effect in
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decreasing the amount of by-product carried, so that better decontamination
is obtained. Excess iron, however, interferes with the carrying of product,
resulting in a loss of yield. The reduction is completed by heating the solu-
tion to 75-90.

A phosphoric strike is preferred for product precipitations because of
better decontamination and yield, but is not entirely possible because some
phosphoric acid is already present from the by-product precipitation. How-
ever, bismuth is added first, followed by a further amount of phosphoric acid.

The 216 pounds of 24% bismuth subnitrate in 20% nitric acid is added
slowly over 1 hour and digested for an additional 30 minutes. The strike is
completed by the addition of 1945 pounds of 73.5% phosphoric acid which is
also added over a 1-hour period

The complete strike is carried out at 75 00 with thorough agitation and
after digestion for 2 hours, the slurry is cooled to 50 00 and centrifuged.

Centrifuging of Product Precipitate

The centrifuge skimmer controls are set, the centrifuge brought up to
870 rev./min. and the slurry jetted into the bowl at a rate of 140 pounds/
minute using the "A" jet. On completion of the transfer three 360-pound por-
tions of effluent are recycled to pick up the heel-of precipitate which settles
out when the liquid level drops below the bottom of the agitator blade.

The first water wash of 500 pounds (60 gallons) is added to the precipi-
tator and circulated through the distributor to wash down the walls. The
alternate jet procedure is used as described previously. The partially washed
slurry is centrifuged and the centrifuge skimmed to a 10-gallon heel.

The centrifuge is brought to 10 rev./min. and -250 pounds of water is
added through the bowl sprays. This cuts most of the cake from the wall and
helps to mix the wash and holdup liq~uid. The mixture-is slurried three times
by bringing-the bowl up to 140 rev./min., holding for 2 minutes, and plugging
to stop. TDis series of operations mixes the cake-and wash and avoids any
tendency of the water, to pass over the cake without flushing out impurities.
Washing removes soluble fission elements and improves decontamination. After
slurrying, the centrifuge is brought to 870 rev./min., held for 5 minutes, and
skimmed. The procedure is repeated with a second 250-pound wash to conclude
the washing operation.

The contined washings and effluent in the catch tank amount to 29,630
-pounds (3290 gallons). Less than 0.5% of the product should be lost in this
effluent. -The solution is sent to Section 15 for waste disposal.

Product Cake Solution

The cake is dissolved in 2020 pounds (177 gallons) of 60% nitric acid.
In spite of .the recycling and washing, somebismuth phosphate remains on the
precipitator walls. This precipitate holdup can cause 5-10% losses in product
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due to the fact that the cake continues to build up more or less indefinitely
unless steps are taken to remove it. The dissolving acid is therefore added
to the precipitator, and circulated through the distributor for 20 minutes.

The adid is jetted to the centrifuge in portions of 330 pounds (30 gal-
lons) using the "A" jet. Each portion is slurried three times by bringing
the bowl up to 140 rev./min., holding 2 minutes, and plugging to stop. The
slurry is then jetted to the solution tank. Four shots of dissolving acid
sreadequate to remove the cake; the remainder of the acid is flushed through
the centrifuge. After all of the acid is transferred to the solution tank,
the tank is agitated for 1 hour to complete solution of the cake.

The cake solution should contain 97-98% of the product and less than 1%
of- the fission activity present at the start of the cycle. Overall yields and
decontamination factor to this point are about 9598% and 3000, respectively.

Product Cake Oxidation

The poduct cake is. oxidized in Section 14 solution tank before being
transferreCrto Section 16 for the second decontamination cycle. The procedure
is identical with the oxidation of crude product solution described earlier
in this chapter, except for the lesser quantities involved.

Second Deco-tamination Cycle

The second cycle is run in Sections 16 and 17. The- process differs from
the first cycle operation in that the scavengers are not used in the by-product
precipitation, the volumes are lower and the final product cake oxidation is
carried outin the Ooncentration Building. The product solution, with a yield
of around 9;% and decontaminated by a factor of 103, is jetted to the 224
Building for concentration.
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FLOW SEIT DECL SSIFIED
The process flow sheet, based on carrying an extraction charge from 1.5

tons of metal through the two decontamination cycles, is presented on the
following pages.

OPERATING LOG FORMS

The operating log forms presented at the end of this appendix constitute
the detailed operating instructions by which the operators perform the various
steps in the decontamination cycles.
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APPENDII

DECONDLAMINATION

PBEPARATION FOR FIRST BY-PRODUCT PRECIPITATION

Section 12

Oxidation

1) Transfer 3350 lbs. (305 gal.) of extraction cake solution from 8-4
to 12-6 to 12-7.

2) Dilute to 34% HN03 by adding 900 lbs. (108 gal.) of water.*

3) Add 130 lbs. (14 gal.) of 10% NaB10 3 slurry.

4) Add 55 lbs. (6 gal.) of io% Na 2 Cr 2 07 solution.

5) Agitate for 1 hour at 45 OC.

6) Cool to 35 00.

7) Jet to precipitator 13-1.

Solution Composition (in 12-7)

lbs. . M

HNO3  1640 34.2-- 6.6
BIP04 88 1.8 --

NaBiO 13 0.3 0.012

Na2Cr207  5.5 0.1 0.003
H20 2053.5 42.6 --

Total 4800 (470 gal.)

* In addition to dilation obtained by jetting.

A. Precipitation

1) Add 13,700 lbs. (1650 gal.) of water to 13-1, start agitator and

- heat to 40 0o.

2) Transfer 4800 lbs. (470 gal.) of oxidized solution from 12-7 to 13-1.

3) Add i40 lbs. (11 gal.) of 24% bisnuth solution
24% BiONO

319% Rao 3

4) Heat to 75 OC and digest for 1 hour.
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5) Cool to 35 00.

6) Add 25 lbs. (2.8 gal.) of 10% sodium dichromate.

7) Add 74 lbs. (8 gal.) of Ce-Zr solution
3.6 % zr(No )
5.6% (ij)2 eNo3)66.0% INO3

-8) Agitate 10 minutes at 35 OC.

9) Add rapidly 267 lbs. of H3PO4 solution
73.3% H3P04
1.2% HNO3

10) -Digest at 35 Oc for 1 hour; cool to 30 00.

11) Jet to centrifuge 13-2.

- Slurry Composition (in 13-1)

lbs. % M

HNO3  -680 8.4.5 1.42

3iPO4  138 0.69 --
NaBiO3 * nil - --

H 3PO4  183 0.92 0.10
Na2Cr2 07  8 0.04 0.002

Ce3(P04 )4  1.9 --0.01 --

Zr3(P04 )4  2.3 0.01 --

NH4NO3  1.3 § 0.01 -

NaNO3  4.1 0.02 --

H20 17862.0 -89.8 --

Total 1980.6 (2250 gals.)

* Decomposed and bismuth precipitated as BiP%.

B. Centrifuging -

1) Centrifuge at 870 RPM, 110 lbs./min.

2) Recycle 1000 lbs. of effluent from catch tank 13-3 to 13-1 to 13-2.

3) Add 500 lbs. (60 gal.) of water to 13-1.

4) Recirculate through spray for 3 minutes.

5) Jet wash water from 13-1 to 13-2 -

6) After 10 minutes, skim 13-2 to 30 gallon heel.
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* __ _ D C ASSIFIED
0. Cake Wash

1) Add 85 lbs. of water from 13-1 to 13-2 as a displacement wash.

2) Skim to 30 gallon heel and plug 13-2 to atop.

3) Jet effluent from 13-3 to 14-1.

Solution Comosition (in 13-3)

lbs. M

HNO3  168o 8.24 1.36
23134 183 0.90 0.095
Na20r207  8 0.04 0.002

'M4113 1 '0.01 --
NaNO3  4 0.02 --

H20 18524 90.8 --

Total 2WOO (2350 gal.)

Cake Coposition (in 13-2)

lbs.

BiPO4 138 40.8
Ce3(P04 4  1.94 0.6
Zr3(P%4)4  2.33 0.7
H2 0 196 57.9
Total 338 (30 gal.)

D. Cake Removal

1) Jet slurry from 13-2 to solution tank 13-4.

2) Add 2520 lbs. (220 gal.) of 60% ENO3 solution to 13-1.

3) -ecirculate through spray for 2 minutes with agitator running.

4) Jet 315 lbs. (28 gal.) from 13-1 to 13--2.

5) Add 24 lbs. (2 gal.) of 27.5% E202 to 13-2 and slurry cake.

6) Jet this portion from 13-2 to 13-4.

7) Start agitator in 13-4.

8) Repeat (4), (5), and (6) five more time, then jet remaining acid
from 13-1 to 13-2 to 13-4.
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9 Jet from 13-4 to waste neutralizer 15-8.

Slurry omposition (in 13-4)

lbs.

BSi0 4
-eP04

Zr3(P04 )4
HNO3
H202*

11904
H20

138

2.3
1510

nil
1

1797

±
4.0
o.o6
0.06

43.7

0.03
52.1

Total 3450- (310 gal.)

* Decomposed to water and 02.

FIRST PRODUCT PRECIPITATION

Section 14

A. Reduction and Precipitation

1) Transfer 20,400 lbs. (2350 gal.) of oxidized effluent from 13-3
into 14-1.

2) Add 1575 lbs. (175 gal.) of 14% ammonium silicofluoride solution.

3) Add 1950 lbs. (200 gal.) of 20% FeSO4 (N 4 )2S04 -6H20 solution.

4), Heat to 75 OC.

5) Add 216 lbs. (17 gal.) of Bi solution

24% BiON03
19% HNO

Rate of additio: 3.5 lbs./min.

6) Agitate for 30 minutes at 75 00.

7) Add 1945 lbs. (147 gal.) of H3P04 solution:

73.5% H3PO4
1.2% HN0 3Rate of addition: 35 lbe./min.

8) Agitate for 2 hours at 75 00.
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before Jetting to centrifuge 14-2.

Slurry Composition (in 14-1)

n'o3
FeSO

Fe2(80.)3

H3P04

Cr(No 3)3
(N84) 2804
(N~k)2SiF6
NaNO3
NH4 NO3
H2 0

Total

lbs.

1681
nil

199
1595

55
15
65

220
5

80
23,285

27,200

% M

6.15 1.03

0.73 0.019
5.87 0.63
0.20 --

0.06 --

6.24 --

0.81 o.048
0.02 --

0.29 --

85.6

(3080 gal.)

fl. Centrtfuging

1) Centrifuge at 870 RPM, 140 lbs./min.

2) -Recycle 1000 lbs. of effluent from catch tank 14-3 to 14-1 to 14-2.

3) Add 500 lbs. (60 gal.) of water to 14-1.

4) Recirculate through the spray for 3 minutes.

5)_ Jet wash water from 14-1 to 14-2.

6) After 5 minutes, skim 14-2 to 10 gallon heel.

C. Cake WashinS

1) Add 250 lbs. (30 gal.) of water to 14-2 through the sprays.

2) Wash cake and skim to 10 gal. heel.

3) Repeat (1) and (2).

4) Jet waste effluent and washings from catch tank 14-3 to waste
receiver 15-7.

- 635 -
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Waste Effluent Composition (in 14-3)

HN03  1681 5.70
H3PO4  1595 5.38
Fe 2 (80 4 ) 3  199 0.67
Cr(NO3)3  15 0.05
(nm)2s04  65 0.22

(N%4)2SiF6 220 0.75
NaNO 5 0.02

NH4 N 3  80 0.27

R20 25,770
Total 29,630 (3290 gal.)

Washed Cake Composition (in 14-2)

lbs.

BiPO4  55 30.0

* H0 55 § 50.0

Total 110 (10 gal.)

D, Product Cake Dissolving and Oxidation

1) Add 2020 lbs. (177 gal.) of 60% HNO 3 solution to 14-i.

2) Recirculate through the spray for 20-minutes.

3) Jet 330 lbs. (30 gal.) from 14-1 to 14-- and. slurry cake.

4) Jet from 14-2 to solution tank 14-4.

5) Start agitator in 14-4.

6) Repeat (3.) and (4) three more times.

7) Jet remaining acid from 14-1 to 14-2 to-14-4.

8) Agitate for at least 1 hour after all HNO3 is in 14-4.

9) Add 1000 lbs. (120 gal.) of water to 14-4.

10) Add 130 lbs. of 10% NaBiO3 slurry. -

11) Add 55 lbs. of 10% Na2Cr207 solution.
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121 Agitate for 1 hour at 45 OC.

13) Cool to 35 00.

i4t) Jet to precipitator 16-i.

Solution Composition (in 14-4)

lbs. M

BiPO4  55 1.45 --

HNO3 1212 32.18 6.25
NaBiO3 13 .33 -015
Na 2Cr 2 07 5'5 -*.14 .005-
H20 2499.5 63.90

Total 3785 (37Ogal.)

DECONTAMINATION

SECOND BY-PRODUCT PRECIPITATION

Section 16

A. Precipitation

1) Add 12,060 lbs. (1448 gal.) of water to 16-1, start agitator and
heat to 40 OC.

2) Transfer 3785 lbs. (370 gal.) of oxidized solution from 14-4
into 16-1.

3) Add rapidly 208 lbs. of 75% phosphoric-acid.
73.5% H3 P0-
1.2% HNO

3
4) Heat 16-1 to 75 OC and digest for 1 hour.

5) Cool to 50 0C and jet to centrifuge 16-2.
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Slurry Composition (in 16-1)

HNO3
BiP04

H3PO4
NaBiO

3 *
Na 2 0r 2 07
NaNO3
H2 0

Total

*Decomposed

lbs.

1212 7.37
69 6.42 P

201 1-.23

5.5 0.03
4 0.02

14,968.5 90.93

16,46o (1950 gal.)

and bismuth precipitated as BiPO4

B. Centrifugation

1) Centrifuge at 870 RPM, 140 lbs./min.

2) Recycle 1000 lbs. of effluent from 16-3 catch tank to 16-1
zto 16-2.

3) Add 500 lbs. (60 gal.) of water to 16-i.

4) Recirculate through spray for 3_ minutes.

5) Jet wash water from 16-1 to 16-2.

6) After 5 minutes, skim 16-2 to 10 gallon heel.

C. Cake Washing

1) Add 250 lbs. (30 gal.) of water to 16-2 through the sprays.

2) Wash cake and skim to 10 gallon heel.

3) Repeat (1) and (2).

4) Jet effluent from 16-3 to 17-l.

Solution Composition (in 16-3)

ENO3
R3PO4
Na 2 Cr 2 07
NaNO

3
H20

Total

lbs.

1212 6.82
201 1.13

5.5 .03
4.0 .02

16,377.5 92.0
17,800 (2100 al.)

- 638 -
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Cake Composition (in 16-2)

lbs.

BiPO4  69 59.06E L SSFE
EH20 48 41.o
Total 117 (10 gal.)

D. Cake Removal

1) Jet slurry from 16-2 to solution tank 16-4.

2) Add 1100 lbs. (96.4 gal.) of 60% HON3 solution to 16-1.

3) Recirculate through spray for 20 min.

4) Jet 330 lbs. of acid from 16-1 to 16-2 and slurry cake.

5) Jet acid from 16-2 to 16-4.

6) Start 16-4 agitator.

7) Repeat (4) and (5) three more times, then jet any remaining
acid from 16-1 to 16-2 to 16-4.

8) get from 16-4 to waste neutralizer 15-9

Cake Solution Composition (in 16-4)

lbs.

BiPO4 69 3.9
HNO 360 - 36.9
%o0 lo6i 59.2

Total 1790 (170 gal.)

SECOND PRODUCT PRECIPITATION

Section 17

A. Reduction and Precipitation

1) fransfer 17,800 lbs. (2100 gal.) of oxidized effluent from
16-3 into 17-1.

2) Add 1160 lbs. (127.5 gal.) of 14% ammonium silico fluoride solution.
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3) Add 1575 lbs. (168 gal.) of 20% FeSO4- (NH4 )2804.6320 solution.

4) -Heat to 75 oC.

5) Add 168 lbs. (13 gal.) of bismth solution.
24% BiONO

319% HNO
Rate of. addition: 9 lbs.//min.

6) -gitate for 30 minutes at 75 OC.

7) Add 1510 lbs. (115 gal.) of H3PO solution (F):
73.5% H3Po4
1.2% HN03

Rate of addition: 25 lbs./min.

8) Agitate for 2 hours at 75 OC.

9) Cool to 50 OC before jetting to centrifuge 16-2.

Slurry Compoaition in 17-1)

DECL SS lFIED

EN03
FeSO4

Cr(NO 3)3
13PO4
BIP04
NH4N03
(NH4)2S'F6
NaNO

(NH02 S4,
H200

lbs.

1262
nil
161

5.46

15 o.o6
1311 -5.67

43 0.19
64 0.28

L63 0.71
5 0.02
53

20,003
0.23

86.67
Total 23,080 (2 62 gal.)

B. Centrifuging

1) Centrifuge at 870 RPM, 140 lbs./min.

2) Recycle 1000 lbs. of effluent from catch tank 17-3 to 17-1 to 17-2.

3) Add 500 lbs. (60 gal.) of water to 17-1.

4) Recirculate through the spray for 3 minutes.

5) Jet wash water from 17-1 to 17-2.

6) After 5 minutes, skim 17-2 to 10 gallon heel.

- 64o -
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C. Cake Washing

1) Add 250 lbs. (30 gal.) of water to 17-2 through the sprays.

2) Wash cake and skim to 10 gal. heel.

3) Repeat (1) and (2).

4) Jet waste effluent and washings from catch tank 17-3 to waste
receiver 15-6.

Waste Effluent Composition (in 17-3)

HNO3

H3P04
Fe2(S04)3
Cr(NO3 )3
(OH02804
(N54)OSiF6
NaNO3

NO3
320

Total

Washed Cake

f1P04
420

Total

D. Product Cake Dissolving

lbs.

1262
1311
161
15
53

163
5

64
21,616
24,6p0

Composition

lbs.

43
62

wO-5

5.*12
5.33
0.65
o.o6
0.22
0.66
0.02
0.26

87.68
(2800 gal.)

(in 17-2)

41.0
59.0

(10 gal.)

1) Add 1570 lbs. (138 gal.) of 60% fN03 solution to 17-1.

2) Recirculate through the spray for 20 minutes.

3) Jet 330 lbs. (30 gal.) from 17-1 to 17-2 and slurry cake.

4) Jet from 17-2 to solution tank 17-4.

5) Start agitator in 17-4.

6) -iepeat (3), (4), and (5) three more times.

7) Jet remaining acid from 17-1 to 17-2 to 17-4.
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Solution Composition (in 17-4)

43 2.0

940 44.7

1U.7 55.3

2100 (195 gal.)

DECLISSIFlED

n

8)

9)

BiP04

EN03

E20

Total

- 642 -
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Aitate for at least 1 hour after all HNO3 is in 17-4.

Jet solution from 17-4 to receiving tank CA- in Building 224.
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DEOONTAMINATION OPERATIONS

Date
Run No..

I - CRUDE PROInfCT STORAGE

1. Beckman reading on 12-6.

2. Turn 6ii 12-6 cooling water
and air sparger. Leave cooling
water on until 12-6 is empty or

r -at. 2500.

3. Receivw crude product cake solu-
tion i 12 6 from 8-4.

4. Beckman reading on 12-6

5. Approximately 3 hours before oxi-
dized solution is desired in 13-1,
notify dispatcher of impending
transfer.

6. When the dispatbeher approves,
proceed with oxidation, (See
page 571, step 1).

Meter _actor

12-6 cooling water on
12-6 air qparger on.

Time. start - Time end...

Meter aotor

Time called

Time approved

DECLASSIFIED

4.1 R lo/4 - 643 - WN
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Date
Run No,

I - FIRST DECONTAAMINATION (PRODUCT) - OXIDATION
7 DECLLSSIFITO

1. Jet 12-56 to 12-7. When the Time start - Time end
transfe& stops, put jet on air for 12-6 Wt.Ftr.Start _Lbs.
10 min.-and again jet 12-6 to 12-7.12-7 Wt.Ftr.End__-. Lbs.

Lbs jettedfrom 12-6
Lbs. received in 12-7

2. Turn off? 12-6 air sparer.

3. Beckmn- reading on 12-6.

12-6 air spIrger off

Meter - - -Factor

NOTE: If the reading is greater than on-the 10
-notify supervisor and again jet 12-6 to 12-7.

4. Start 12-7 agitator. 12-7 Agitator on

5. Add 900-lbs. of water to 12-7 via, Lbs. added Wime added--
12-7B. (TWin 12-7 approx. 4400
lbs.)

6. Adjust 12-7 temperature to 45%0.
and maintain at this temperature.

Time 450

7. Add 130-lbs. of 10% Sodium Bismuth Lbs. added-- 2imo
Slurry-(Dolly) to 12-7 via funnel
F-12-70.

added

8. Flush dolly and funnel with 50 lbs.Lbs. added Time added
of process water.

9. Add 55 lbs. of 10% Sodium Di-i
chromate solution (Line D) to.
12-7 via 12-70

10. Flush 12-70 to 12-7 with 50 lbs.
of proc-ess water.

11. Digest 12-7 at 4500 for one hour
DO NOT XfEED 45b0. During this
operation proceed to page 5.2,
steps ]:4 inc.

12. Cool 12-7 to 3500.

13. Call diT patcher and obtain per-
mission-to jet 12-7 to 13-1. When
the transfer stops, put the jet on
air for 10 min. and again jet 12-7
to 13-1. (TW approx. 4700 lbs.)

14. Shut off' 12-7 agitator

Lbs. added.- Time added-

Lbs. added. - ime added

Time start - Time end-

Time start Time end

Time
Time
12-7
Lbs.

calledt
- start Time
Wt.Ftr.

end

jetted to 13-1-

--12-7 Agitator off- __

1 10/45 -

scalo,
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DMCONTAMINATIONOPERATIONS

Date _____ _

Run No..____

II - FIRST DECONTAMINATION (BY-PROUCTr) - FIRST PRECIPITATION
DECLASSIFIED

1. Beckman r-ading on 13-1

2. Add 11,560 lbs. of water to 13-1
via 13-lA-in three portions of
3,000 lbs and one of 2,500 lbs.

3. Start 134- agitator

4. Heat water in 13-1 to 7500 with
steam onthe sparger and jacket.
Continue heating during the trans-
fer and Bismuth addition which
follow, a&d maintain at 750c until
step 8 is completed.

5. Receive ocidized solution from
12-7 (TW in 13-1 approx.
15,600 lbs.)

6. Add 140 lbs. of 24% Bismuth
solution _(Line R) to 13-1 via 13-a

7. Flush 13-IE to 13-1 with 50 lbs.
of process water.

8. Digest 1341 at 7500 for 1 hour.

9. Beckman reading on 13-1 during
digestionj

10. Cool to. _?C and proceed with
step 11. Leave cooling water on.
13-1 temperature should reach 300C
by completion of step 19.

-11. Call 271 Building and request them
to prepare 74 lbs. of Ce-Zr
solution.

12. Add 25 lbs. of 10% Sodium Di--.
chiobate $0lution (Line D)-,to
13-Ivia 13--.E.

13. Flush 13-1E to 13-1 with 50 lbs.
of process water.

5.2 R 10/45 - 64.5 -

Meter iractor______

1st Port. _Lbs.Time added
2nd Port.. ..... bs.Time added--
3rd Port. T i..bs.Time added
4th Port. - Lbs.Time added
13-1Wt.Ftr. TJbs.

13-1 Agitator on

Time start Time 7500

Time start -Time end

Lbs. added Time added _
E.

Lbs. added Time added.

Time start __Time end

Meter - Factor____

Time start Time 5000

Time called

t -Lbs. added- ime added.

Lbs. added-. Time added -

a---
-U"
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DZ0ONDAMINATIoN OPEBATIONS

Dato-
Run No. - --

II - FIRST DECONTAMINATION (BY-PRODUCT) - FIRST PRECIPITATION (Cont d)

14. Add 7h lbs. of Ce-Zr solution
(Dolly) to 13-1 via funnel F-13-1.

15. Flush dolly and' funnel F-13-1E to
13-1 with 50 lbs. of process water.

16. Agitate 13.1 fot 10 minutes.

17. -Ad& 7 lbs. of 75% Phosphoric
Acid (Cine F) to 13-1 rapidly via
13-1E.--

Lbs. added Time added_

Lbs. addeC . Time added -

Time

Lbs.

stare ime

adds Tme

164. Flush 13-E to 13-1 with PO Tbe Lbs, added Time
of process water. (TW 19,310 lbs.)

19. Digest for 1 hour after Phosphoric
Acid addition.

20. If 13Q temperature is not at 30
'00.0 P-1 to 3000 before centri-
fuging and leave cooling water on.

21. Stop )3-1 agitator and read Wt.
Ttr.-Temp. and Sp.Gr. when Sp.Gr.
meter becomes constant, then start
13 -lgSitator.

A

end ....

added

added

Tim4 starC. Time and

,Time start ------- Time 3000

13-1
13 1
13--1
13--1

agitator off
Wt.Ftr. - -Lbs,
Sp.Gr. . emp
agitator on

Q~t~L2t1F IEB

V
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DECONTAMINATION OPERAT IONS

Date N
Run No,.____

III - FIRST DECONTAMINATION (BY-FRODUCT)- CENTRIFUGATION

1. Beckaij reading on 13-2.

2. Set ceitrifuge skimmer and bring
13.-2 centrifuge to 870 RPM.

3. Turn on 13-3 air sparger and jacket
cooling water.

4. With 13-2 at 870 RPM and using the
"A" jet, jet slurry from 13-1 to
13-2 at the rate of 110 lbs. per
minute. Check the rate at inter-
Vale tinsure proper rate. Shut
off 13;J, agitator when the Wt.Ftr.
reaches 0.2.

5. When the transfer from 13-1 to 13-2
stops, Indicated by the leveling
off of The 13-3 Wt, Ftr. trace (do
not shutoff jet), jet from 13-3 to
13-1 for 30 seconds and empty 13-.a
again. -Repeat this operation 2
times to flush out 13-1. Shut off
jet on Completion of the recycling.

6. Call 21 Building and request perox.
ide-solution (Soo Page 5.6 Step 6)

7. Add 500lbs. of water to 23-1 via
13 -1E

8. With cooling watbr on the jacket,
circulate through the 13-1 spray
(at 60 z 70 psi) for 3 minutes.
Hold 13 -1 temperature below 5000.

Metr factor

Time 870 1PM

13-3 air sparger on
13-3 jacket water on,

Time start_ ime- end.
Transfer rate Time

Avg.
13-1 Agitator off--

Time start-. Time _end

DEL-SFE

Lbs. added Time added .

Time start Time end

9. Using the "A" jet, jet 13-1 to 13-2. Time start Time end
When transfer stops, indicated by
the levelling off of the 13-3 Wt.
Ftr. trace, shut off the "A" jet.
Using the "B" jet, again jet 13-1.
to 13-2;-

10, After 10 minutes skim 13-2 to a 30 Time start. ime end -
gallon heel. PASSING THIS POINT
WILL SYIC THE CAXE INTO THE EFFLUENT,

11. Plug 13_.2 to 10 RPM, I Time 10 BPR

12. Ad& cak dissolving acid to 13-1 and
start circulation (See page 5.6 steps
1-3 ino ) before-starting cake washing.

R 10/45 - 647 -
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DEOOflTAMIhATIOS OPEHATIONS

Date --

Run No.

IV - FIRST DECO1TAMINATION (BY-PRODUCW) - BY-PRODUCT CAKE WASING

1. With 13:_ at 10 RPM, a&dC85 lbs.
of water through the bowl sprays
at fultpump pressure.

2, Bring 1 3-2 to 140 RPM, hold 2 min.
then plug to stop. Repeat twice.

3. Bring l3-2 to 870, RPM, hold 10 min.
and skim to a 30 gallon heel. BE
OAREFUTNOT TO SKIM PAS THIS POINT
INTO Tfl EFFLUENT.

3A. Beckman reading on 13-2

4. Plug 13.2 to a stop.

5. Call tispatcher and obtain per-
- mission-to jet 13-3 to 14-1.

See page-5.10 steps 1, 2 and 3.
(TW 199O lbs. in 13-3)

Lbs. added Time added

Time end.

Time end

Meter ,_Factor

Time stopn

Time
13-3
Time

calle-
Wt. Ftr. Lbs.
start 3ime end

DECLASSI

it

It-

R 10/45 S- 648 -
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Date
Run No.U ___ -__Y_

V. -FIRT EO±7~A1.lNAION By-RODCT) - BY. PROD!

"CE9WAENAIO OPERATIONS

DECLA CYIFIEG
1. Add 2520 lbs. of 60% Nitric Acid

(Line G) to 13-1 via 13-lA, and
read 13-1 Wt. Ftr.

2. Flush 13-lA to 13-1 with 50 lbs.

or process water.

3. Turn OiZ-13-l agitator

4. With cooling water on the jacket,
circulate through 13-1 spray
(50-70lbs. steam pressure) for
20 minutes. HOLD 13-1 TEMPERATURE
BELOW 3000.

5. Beckman reading on 13-4

6. Jet slurry in 13-2 to 13-4

7. Call 271 Building and request
delivery of one carboy (115 :t 10
lbs.) of 27.5% Peroxide to 13-20
(specil Line).

8. With 1-2 stopped and using the
"A' jet, jet 305 lbs. of acid from

13-1 t- 13-2.

9. Bring 13-2 to 10 RPM and add 24
lbs. or 27.5% Peroxide to 13-2
from 13-20

10. Bring 13-2 to 140 RPM, hold 2
minutes, then plug to stop. Re-
peat 4'more times. (ConPlete
operation over 15 min. period.)

11. Start 13-4 agitator.

12. With 13-2 stopped, jet 13-2 to
13.4.

13. Turn cooling water on 13-4 and
hold temperature below 3500

14. Using the "A" jet, jet 315 lbs.
acid from 13-1 to 13-2.

5.6 R 10/45
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Ls. added_ Time added

13-1 Wt. Ftr. Lba.

Lbs. added Time added

13-1 agitator on

.13-1 jacket water on

Time start Time end

Yaxinum temperature 13-1

Meter Factor

Time jetted

Time called

Time received Lbs.

13-2 Wt. Ftr. Lbe.

Lbs. added

Time added

Time start

Time end

13-4 agitator on_-

Time jetted

13-4 jacket water on --

13-2 Wt. Ftr. Lbs,.

OT CAKE REMOVAL
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DEONI'AMINATION OPERATIONS

Date_--
Run No._--

V. . FIRST DECONTAMINATION (BY-PRODUCT) BY-PRODUCT CAXE REMOVAL (Cont'd)

15. Shut off 13-1 agitator

16. Bring 13-2 to 10 RPM and add 24
lbs. of 27.5% Peroxide to 13-2
from 13-20.

17. Bring -13-2 to 140 RPM, hold 2
min., then plug to stop. Re-
peat 1 more times. (Complete
operation over 15 min. period.)

18, With 13-2 stopped, jot 13-2 to
13-4.

19. Using the "A" jet, jet 315 lbs.
acid rom 13-1 to 13-2.

20. Bring 13-2 to 10 RPM and add 24
lbs. Of 27.5% Peroxide to 13-2
from Z-2c.

of0

21. Bring 13-2 to 140 RPM, hold 2 min.,
then plus to stop. Repeat 4 more
times._ (Complete operation over -

15 minute period.)

22-. With £S-2 stopped, jet 13-2 to 13.4

23. Using the "A" jet, jet 315 lbs. of
acid ftom 13-. to 13-2.

24, Bring 13-2 to 10 RPM and add 24
lbs. 6f 27.5% Peroxide to 13-2

_ from 13-2c.

25. Bring 13-2 to 140 RPM, hold 2 mine.,
then plug to stop. Repeat 4 more
times - (Complete operation over 15
minute period.)

26. With f3-2 stopped, .jet 13-2 to
13-4.

27. Ubing'the "A" jet, jet 315 lbs. of
acid from 13-1 to 13-2.

13-1 agitator off_

Lbs. addeo..

Time adds-&

Time starje Time end

Time jetted

13-2 Wt. Ttr. Lbs.

Lbs.
Time

added
added

Time start . ime end

Timo jetted

13-2 Wt. Ftr.. Lbs.

tbs. added

Time added

Time start Time end__.

Time jetted

13-2 Wt. Ftr. _j bs.,

DECLASSIFIED

5.7 R lo/4.5 - 650 -



_T-/ ZE AT-IC
DlBC00NTAM4INATION Z~EAIONS

Date . -
Run No.

V. - FIRST DECONTAMINATION (BY-PRODUCT) - BY-PRODUCT CAKE REoVAL (cont Id)

28. Bring 13-2 to 10 RPM and add the
remaining 27.5% Peroxide in 13-2C
to 134 (9 - 29 lbs.)

29. Bng b-2 to 140 RPM, hold 2
min., then plug-to stop. Repeat
4 more times. (Complete opera-.
tion orer 15 minute period.)

30. With 13-2 stopped, jet 13-2 to
13-4

31. Using the "A" Jet, jet 315 lbs.
of acfl from 13-1 to 13-2.

32. Sring -3-2 to 140 RPM, hold 2
min., then piugbto stop. Re-
peat 4 more times. (Complete
operaflon over l min. period.)

33. With 17-2 stopped jet 13-2 to
13-4.

34. Beckman reading on 13-2

Note: If the reading is greater
notify the supervisor and
remaining acid in 330 lb.
this level or the acid is

35.> Bring 13-2 to 10 RPM and using th
"A" jet, jet the remainder of
acid from 13-1 to 13-2 to 13-4.
Keep the bowl as empty as possibi
during this operation. When the
13,.1 tb 13-2 transfer stops, shut
off th e "A" jet and plug 13-2 to
stop.

36. Jet 132.2 to 13-4.

37. Using the "B" jet, again jet
13-1 to 13.2. When the transfer
stops, shut off jet and read 13-2
manomet-er.

5.Ae R 1o/4.

Lbs, added - Time added -

Time start Time ended

Time jetted

13-2 Wt.Ftr. Lbs.

Time start

Time end

Time jetted

-meter wactor

than on the 10 scale,
with his approval add the
shots until. the Becnan raches
used up.

is Time start ime end

Time stop
.e

Time jetted

Time start Time end

13-2 Manometer Jba

DECLASSIFIFO

FS7
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DECONTAMINATION OPERATIONS

Date -- -
Run No. -

V - IRST DECONTAMINATION (BY-PRODUCT) - BY-PRODUCT CAKE REMOVAL (Cont'd)

38. Jet 13-2 to 13-4. Time jetted

39. Agitate 13-4 for 30 minutes. Time start Time end

40. Beckman reading on 13-2. Meter wactor .

41. Shut 6ff 13-4 agitator and read 13-4 agitator off
Wt. Ftr., Temp. and Sp.Gr. when
Sp.Gr. meter becomes constant,
then start 13-4 agitator. (TW
approz. 3500 lbs.)

42, Beckman reading on 13-4.

43. 0all dispatcher, give charge
data and request that sample

-13-4 BP be taken.

44. When 13--4 temperature reaches
2500, shut off 13--4 Jacket cool-
ing water.

45. Call dispatcher and obtain per-
missi6n to jet 13--4 to 15-8.
Shut 6ff agitator in 13-4 when
Wt. Ftr. reaches 0.2.

1-4
13-4 Wt.Fltr...T...bs.--

13-4 Sp-r. Temp.

13-4 Agitator on.

Meter Factor

Time called

Time sampled

13-4 jacket water off

Time

Time

Time

13-4

called

start

end._

agitator off.

-. DECLASSIFIED

R 10/45 a
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DECOUMINATION OPERATIONS

Date_ _ _-
Run No. -

VI - FIRST DECONTAMINATION (rODuT) REDUCTION AiD PACIPITATION

1. Becknan reading on 14-1. Meter- actor

2. Receive effluent from 13-3 into ;- Time start Time end -
14--i. - (TW in 14-1 approx. 19,300
lbs.) Shut off 13-3 air sparger on
completion of transfer.

3. - Beckman reading on 14-1.-

4. Start 14-1 agitator and adjust
temperature to 40-500. Do not
exceed_500C until step 8 is
completed.

5. Add 1575 lbs. of 14% Anonium
Silico Fluoridesolution (Line
H) in three portions of 525 lbs.
each to 14-1 via 14-19.

6. Flush -.4-1E to 14-1 with 50
lbs. of process water.

7. Add 1950 lbs. of 20% Iron solu-
tion (Line M) to 14-1 via 14-1A.

8. Flush 14-1A to 14-1 with 50 lbs.
of process water.

9. Heat to 750C with steam on the
sparger and jacket. Maintain
temperature with jacket steam
until-step 15 is completed.

10. Add 25% lbs. of 24% Bismuth
Nitrate solution (Line P) to
14-1 -4ia 14-2E at the rate of
3.5 lbs. per minute. -

11. rlush'14-12 to 14-1 with 50
lbs. of process water.

12. DigesE 14-1 for 30 minutes
at 75_C.

5.10 R la/45 - 653 -

14-1 Wt. Ftr.. -.Lbs.
14.1 Sp. Dr. Temp.
13-3 air -parger off

Meter Factor -

14-1 agitator on

let Port. .Lbs. Time added, -

2nd Port. Ibs. Time added
3rd Port. Lbs. Time added
Total lbs. added

Lbs. added.Time added

Lbs. added ime added

Lbs, added Time added_ -

Time starLZTime
Time end_-

Time startTime
Lbs. added

75 0

end,

Lbs. added __Time added_ -_-

Time start Time end-_------

ECLSSIFIED
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DECONTAMINATION OPERATIONS

Date
Run No.

VI - FIRST DEcONTAMTNATION (PRODUCT) - REDUCTION AND PRECIPITATION

14. Add 1945 lbs. of 75%
Phosphbric Acid (line
F) to 14-1 via 14-lA at
the rate of 35 lbs. per
minut6GA

15. Flush 14-1A to 14-1 with
50 lbs. of process water.

16. DigesF14-1 for 2 hrs. at
75 0C

17. Start cooling water on 14-1.

18. Stop 14-1 agitator and read
Wt. Ftr.- Temp. and Sp. Gr.
when Sp. Or. meter becomes
constant, then start 14-1
agitator.

19. Cool 14-1 to 50 0C and proceed
to page 5.12, step 1. Leave
cooling water on until 14-1
is empty or at 25o0.

5.12 B 10/45 - 6~4 -

Time start
Lbs. added _

Time end

Lbs. added Time added

Time_ start Time end

14-1 Jacket water on

14-1
14-1
14-1
14-1

agitator off
Wt. rtr. Lbs.
sp. Gr. Temp._ _
agitator on-

Time 50 00 ±

DECASS IFlE

R 10/45 - 654.5.1
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SM Date
Run No.

DECiTAMINATION OPERATIONS

VII - FIRST DE00NAMINATION (PRODUCT) - CENTRIFUGATION

1. Beckman reading on 14-2.

2. SupervIsor's approval to start
centrifugation.

3. Set the centrifuge skimmer and
bring 14-2 centrifuge to 870 RPM.

4. Turn 0i 14-3 air sparger

5. With 14-2 at 870 RPM and using the
"A" jet, jet slurry from 14-1 to
14-2 at the rate of 140 lbs.. per
minute Chockl the rate at interval
to insure proper rate. Shut off
agitator when the liquid level
drops below the agitator blades
and call the dispatcher and notify
him of the coming 14-3-W sample.

Meter Factor

Beckman limit
Assay previous run (14-4)
Approved by: Time

Supervisor

Time 870 RPM

14-3 air sparger on

Time start
Transfer rate _ Time

Avg.
14-1 Agitator off

6. Turn on 14-3 jacket cooling water. 14-3 Jacket water on

7. When the transfer from 14-1 to Time star
14-2 stops, indicated by levelling
off of the 14-3 Wt. Ftr. trace (do
not shut off jet), jet from 14-3 to
14-1 for 30 seconds and empty 14-1
again.- Repeat this operation 2 times
to flish out 14-1. Shut off jet on
completion of the recycling.

8. Add 500 lbs. of water to 14-1 via Lbs. adde
14-1E.:

9. With cooling water on the Jacket, Time star
circulate through 14-1 spray for
3 minutes. Hold, 14-1 temperature
below 500C.

10. Jet 14t1 to 14-2 using the "a" Time end
jet. When transfer stops, in-
dicated by the levelling off of the
14-3 W±-. Ftr. trace, shut off the
"A" jet. Using the "B" jet, again
jet 14-1 to 14-2.

11. After 5 minutes skim 14-2 to a 10 Time stop
gallqnjhel and plug 14-2 to stop.

5.12 R 10/45

t ime end

DECLASSIFIlED
d T ime added

tnTime end

-h- 655 -



fj1W- / 4 73 -C

DEOCUThC NMTION OPERATIONS

Date
Run No. .

VI - FIRST nEOOThQAMINATION (PRODUCT) - CENTRIFUGATION (Cont'd)

12. Shut off the 14-3 air sparger and
read. the Wt. Ftr., Temp. and Sp.Gr.
when the Sp. Gr. meter becomes
constant, then start 14-3 air
sparger again.

13. Call-hispatcher give charge data
and requast that sample 14-3-W
be taken.

14. Add cake dissolving acid to 14-1
and start circulation (see page

5.157 step 1-4 inc.) before
starting cake washing.

14-3 Air sparter off
14.-3 Wt. ytr. T,.. ,bs.
14-3 Sp. Gr , ______Temp.
14-3 Air sparger on --

Time caled
Time sampled

Time added

DECASSIFIED

R5. 1/45

S
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Date - -

Run No.

VII-T -YF&ST tOONTAMINATION (PRODUCT) - OAKE WASHING

11L- /OV 7SC
DECOTATIUlATION OPERATIONS

1. Brine 14-2 to 10 RPM and add
250 lbs. of water through the
bowl sprays at full pump
pressure,

2. Bring 14.-2 to 140 RPM hold 2
minutes and plug to stop. Re-
peat twice.

3. Read 14-2 Manometer

4. Bring 14-2 to 870 RPM, hold
5 minutes and skim to a 10
gallon heel.

5. Plug 14.-2 to stop.

6. Bring 14-2 to 10 RPM and add
2504lbs. of water through the
bowl-sprays at full pump
pressure.

7. Bring 14-2 to 140 RPM, hold 2
minutes, then plug to stop.
Repeat twice.

8. Bring 14-2 to 870 RPM, hold
5 minutes and skim to a 10
galion heel.

9. Beckm'an reading on 14-2.

10. Plu-g14-2 to stop.

5.14 R 10/45

Lbs. added. .Time added

Time end

14-2 Manometer LbB.

Time ead

Time stop

Lbs added ime added

Time eid

Time end

Meter _ -FactOr

Time stop

. 657 -
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Date
Run No.

IX - FIRST DECONTAMINATION (PRODUT) - PRODUOT CAI SOLUTION

01/- ?'oj CC
OPERATIONS

1. Bec1kman reading on 14-4.

2. Add 2020 lbs. of 60% Nitric Acid
(LinetG) to 14-1 via 14-lA.

3. Flush 14-1A to 14-1 with 50 lbs.
of process water.

4. With cooling water on the jacket,
circulate through 14-1 spray (50270
lbs. steam pressure) for 20 min.
HOLD 14-1 TEMPERATURE BELOW 50'C.

5. Call dispatcher and obtain per-
mission to jet slurry from 14-2
to 14-4.

6. Using the "A" jet, jet 330 lbs.
of acid from 14-to 14-2.

7. Bring 14-2 to 140 RPM, hold 2
minutes, then plgg to stop.
Repeat twice.

8. With 14-2 stopped-, jet 14-2 to.,
14-4.

.9. Start -4-4 agitator and jacket
cooling water.

10. Using the "A" jet, jet 330 lbs.
of acid from 14-1 to 14-2.

11. Bring 14-2 to 140 RPM, hold 2 mins.
then-plug to stop. Repeat twice.

12. With 1.4-2 stopped, jet 14-2 to
14-4.-

13. Using the "A" jet, Jet 330_ lb.
of acid from 14-1 to 14-2

14. Bring 14-2 to 140 RPM, hold 2 mins.
then tplug to stop. Repeat twice.

Meter Maotor___--__

Lbs. a ded .. 2 Time added

Lbs. added Time added

14-1 Wt. Ftr. - .Lbs.

14-1 Jacket water on

Time start -Time end-

14-1 Jdbket water off

Time called
Time jetted

14-2 Wt. Ftr. Lbs.

Time start Time end

Time jetted

14-14 agitator on
14-4 Jacket water on

14-2 Wt. Ftr..J bs. -

Time start. Time end _ _

Time jetted

14-2 Wt. Ftr. Lbs.

Time start Time end --

DECLASSIFIED

5.15 - R 10/45 - 658 -
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DEOqAMINATION OPFERATIONS

Date -
Run No.

IX - FIRST DECONTAMINATION (PRODUCT) - PRODUCT CAKE SOLUIION (Cont'd)

15. With 14-2 stopped, jet 14-2 to
14-4..

16. Using the "A" jet, Jet 330 lbs.
of acid from 14-1 to 14-2.

17. Bring-l4-2 to 140 RPM, hold 2 min.
then plug to stop. Bepeat twice

18. With 14-2 stopped, jet 14-2 to
14-4.

19. Bfeclain reading on 14-2.

Time jetted

i4-2 Wt. Ftr. Tbs. -

Time start Time end - -,

Time jetted

Meter Factor

Note: If the Beckman reading is greater than on the 10
scale, notify the supervisor and with his approval add the
remaining acid in 330 lb. shots until the Beclan reaches
this level or the acid is used up.

20. Bring 14-2 to 10 RPM and using the
"A" Jet, jet the remainder of acid
from 14-1 to 14-2 to 14-4. Keep
the bowl empty as possible during
this operation. When the 14-1to
14-2Wtransfer stops, shut off the
"A" jet and plug 14-2 to stop.

21. Jet 14-2 to 14-4.

22. Using the "B" jet again, jet 14-1
to 14-2. When the transfer stops,
shut off jet and read 14-2.

23. Jet 14-2 to 14-4.

24. Beckman reading on 14-2.

25. Shut off 14-3 air sparger and
read Wt. Ftr., Temp. and Sp. Gr.
when 6p. Gr. meter becomes
constant, then turn on 14-3 air
sparger ggain (TW approx.
28,700 lbs.)

Time start Time end

Time stop

Time jetted

Time start ime end

14-2 Manometer TLbs.

Time jetted

Meter Factor

14-3 Ai_-tSparger off
14-3 Wt. Ftr. Lbs.
14-3 Sp. Or. -- Temp.
14-3 Air Sparger on

F-

DECL&SSIFIED

am
m
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flECOl'TAMINATINOPERATIONS

)ate -
Run No.-

IX - FIRST f)ECOOTAMINATION (pRo)UCT) - PROZIUOT CARE SOLUTION (Cont'&)

26. Agitate 14.-4 for 1 hour after Time start ime

the final addition of dissolving
acid (Step 23). Keep temperature
below 400 0.

end

27. Stop i.-4 agitator and read
Wt. Ftr., Temp. and Sp. Gr.
when Ep. Gr. meter becomes
constant, then start 14-4
agitator. (TW approx. 2575
lbs .) .

28. teakminIt reading on 11-4.

.29. Call3Yispatoher, give charge
data -and request that sample
14 -4- be taken.

30, then the dispatcher approves,
procged with the oxidation.

5.17 R 10/45

14.-.4 agitator off.--

14-4 Wt, Ftr. -- bs.-

14-4 Sp. Gr. Temp.

14-4 Agitator On---

Meter Factor-

Time called

Time sazpled

Time approved

DECL&SIFIE
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0
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DECO1TAMINATION OPERATIONS

Date___
Run No.. - -

X - FIRST DECOONAMINATION (PRODUCT) - WASTE FROM 1ST PRODUCT PRECIPITATION

1. Beckman reading on 14-3. Meter - actor

2. When the dispatcher approves, Time approved
shut-off the air sparger and
jet first half of 1st product 14-3 air _parger off
precipitation waste in 14-3
to 15-7. Time start 'ime end

Turn on 14-3 air sparger

When the dispatcher approved,
jet the last half of the let
product precipitation waste
from 14-3 to 15-7.

5. Shut off 14-3 air sparger and
jacket cooling water

14-3 Wt. Ftr. ___Lbs.

14-3 air sparger on

Time approved

Time ste-t Jime end

14-3 Wt. rtr .. bs.

14-3 air sparger off

14-3 Jacket water off

K

BECLASSIFlED
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DECONTAMINATION OPERATIONS

Date
Run No.

I - SECOND DECONTAMINATION (PRODUCT) - OXIDATION

1. With 14-4 agitator running, add
water to 14-4 via 14-4F to give
a total weight of 3500 lbs. in
14-4. (14-4 Wt.Ftr. reading of
4.3) Do not add more than 1000
lbs. of water.

2. Adjusti14'-4 temperature to 450
and maintain at this temperature.

3. Add 130 lbs. of 10% Sodium
Bismuthate Slurry (Dolly) to
14-4 via funnel F-14-4-r.

4. Flush dolly and funnel F-14-4-F
to 14-4 with 50 lbs. of process
water.

5. Add 551lbs. of 10% Sodium
Dichronate solution (Line D)
to 14-4 via 14-4-F.

6. Flush i4-4-F to 14-4 with 50 lbs.
of process water.

7. Digest4-14_4 at 4_50c for 1 hour.
DO NOT EXCED 4500. During this
operation proceed to page 6.2
steps 1-4 ino.

8. Cool to 350C.

9. Leave 14-4 agitator running.

14-4 Agitator runnirigig..

Lbs. added time added

Time 450g

Lbs. added -Time added

Lbs. added& _STime added

Lbs. addeC....Time added

Lbs. added Time added

Time start . Time end_-

Time start STime end

DECASSIFIED

- 662 -R 1l/4



DECONTAMINATION OPERATIONS

Date
Run No.

II - SECOND DECONTAMINATION (BY-PRODUOr) - PRECIPITATION

1. Beckman reading on 16-1.

2. Add 12,060 lbs. of water to 16-1
via i6-1A in four portions of
3015 lbs. each.

3. Start 1 -2. agitator.

4. Heat water in 16-i to 4000 with
jacket steam. At 4000, shut off
steam until solution is received
froi 14_-4.

5. When approved by the dispatcher,
receive oxidized solution from
14-4 into 16-1 (TW in 16-1 1,400
lbs.)

6. Turn of 14-4 agitator.

7. Add 208 lbs. of 75% Phosphoric Acid
(Line f) to 16-1 rapidly via 16-as

8. Flush 26.-lE to 16.-1 with 50 lbs. of

procest water.

9. Heat 16-1 to 7500 with Jacket steam

10. Digest 16-1 for I hour at 7500.

11. Beckman reading on 16..l during
digestion.

12. Turn cooling water on 16-1,

13.. Stop 16-1 agitator and read Wt.
Ftr., Temp. and Sp. Gr. when Sp.
Gr. meter becomes constant, then
start 16.-1 agitator.

14, Cool 2L6-1 to 500C and proceed with

centrifugation. Leave cooling
water on until 16-.1 is empty or

at 2500.

6.2 R 10/45

Meter . 3&OtOr

1st Port -- 2Lbs Time Added
2nd " - -

3rd i

4th
16.-1 Wt. Iftr. Lb5.

16.1 agitator on

Time approved
Time start jime end

14-4

Lbs .

agitator off

adde. Time added.

Lbs adde& Time added.

Time start Time 750C

Time end

Meter...... : 2Factor

16-1 jacket water on- -

16-1 agitator off'
16-1 Wt. Ftr. Lbs.

16-1 .S4Ir. -PTemp.
16-1 agitator on

Time 500Q

DECLASSIFIED
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DEOONTAMINATION OPERATIONS

Date
Run No.

III -'SECOND DEOIfTAMINATION (BY-PRODUT) -

1. Beckman reading on 16-2.

2. Set centrifuge skimmer and
bring 16-2 centrifuge to 870
EPM.

3. Turn on-16-3 air sparger and
jacket cooling water.

4. With 16-2 at 870 RPM and using
the "A jet, jet slurry from
16-1'ti 16-2 at the rate of 140
lbs. pr'fnixte. Uheck the rate
at intervals to instre tbe pro-_.
per rate. Shut off 16-1 dgitator
when the Wt. Ftr. reaches 0.2.

5. When the transfer from 16-1 to
16-2 stops, indicated by
levelling off of the 16-3 Wt.
Ftr. trace (do not shut ofi jet),
jet from 26-3 to 16-I -ro 30
second; and empty 16-1 again.
Repeat- this operation 2 times to
flush out 16-1 Shut off jet on
compleEion of the recycling.

6. Add 50W~1bs. of water to 16-1
via 6X E.

7. With cooling water on the
jacket; circulate through 16-1
spray I t 60 - 70, psi for 3
minutes. Hold 16-1 temperature
below 500C.

CE12RIFUGATION

Meter - Factor

Time 870 RPM

16-3 Air qpargerf on .
16-3 Jacket water on

Time start Time end - -
Ttanfer rate - Time

Avg.
16-1 Agitator off

Time start Time end

Lbs. added ime added

Time start Time end

8. Using the "A" jet, jet 16-1 to 16-2 Time start.'.Time end
when transfer stops, indicated by
the leyelling off of the 16-3 Wt.
Ftr. trace, shut off the "A" jet.
Using the "B" jet, again jet 16-1
to 16-_ E LA SFE

9. - After minutes skim 16-2 to a Time stop
10 gallon heel and plug to stop.

10. Add cake dissolving acid to 16 1 'Time added
and start circulation (See page 6.5,
steps 3, 4F and 5)

6.n3/45 - 664 S-664
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Date .
Run No..

IV - SECOND DECO4TAMINATION (BY-PRODUoT)
- OAKS WASHING

1. Bring 16-2 to 10 RPM, add 250
lbs. of water through the bowl
sprays at full pump pressure.

2. Bring 16-2 to 140 RPM, hold 2
minutes- then plug to stop.
Repeat -twice.

3. Bring 16-2 to 87d RPM, hold 5
minutes, and skim to a 10 gal.
heel.

4. Plug 16 2 to stop,

5. Bring 16-2 to 10 RPM and add
250 lbs. of water through the
bowl sp ays at full pump
pressure.

6. Bring 16-2 to 14o RPM, hold 2
minutes, then plug to stop,
Repeat twice.

7. Bring 16-2 to 870 RPM, hold .5
minutes and skim to a 10 gal.
heel.

8 Beckman reading on 16-2.

9. Plug 16-2 to stop-

10. Call diijpatcher and obtain.
permission to jet 16-3 to 17-1.
(See page 6.7, steps 1, 2, and
3)

Lbs. added

Time added

Time end

Time end -

Time stop

Lbs. added.

Time added--

Time end

Time end

Meter - Factor_

Time stop

Time called

16-3 Wt. F -tr. Lbs.

Time start Time end

DECLASSIFIED
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DECONTAMINATION OPERATIONSS

Date
Run Nb.PRDUT dAE

V -SECOND DEONTAMILNATION (BY-PRODUC.) -PRDC n-ouCw
OECLASSIFIEI
SOLUTION

1. Beckman reading on 16-4.

2. Jet siurry in 16-2 to 16-4.

3. Add 110 lbs. of 60% Nitric Acid
(Line G) to 16-1 via 16-1A, and
read 16-1 Wt.Ftr.

4. Flush 16-IA to 16-1 with 50 lbs.
of process water.

5. With cooling water on the jacket,
circulate through 16-1 spray (50-
70 iTe steam, pressure) for 20
minutes. HOLD 16-1 TEMPERATUBE
BELOW 30cc.

6. With 6-2 stopped and using the "A"
jet, jet 330 lbs. of acid from
16-1 t_ 16-2.

7, Bring i6-2 to 140 RPM, hold 2
mins, then plug to- stop, Repeat
twice.

8. Start 16-4 agitator and turn on
16-4 jacket water.

9. With 1i$-a stopped, jet 16-2 to
16-4.

10. Using the "A" jet, jet 330 lbs. of
acid from 16-1 to 16-2.

11. Bring i6-2 to 140 RPM, hold 2 mins.,
then plug to stop. Repeat twice_.

12. With 16-2 stopped, jet 16-2 to 16-4.

13. Using the "A" jet, jet 330 lbs. of
acid from 16-1 to 16-2.

14. Bring ±6-2 to 140 RPM, hold 2 mine.,
then plug to stop. Repeat twice.

15. With 16-2 stopped, jet 16-2 to 16-4

16. Using the "A" jet, jet 330 lbs. of
acid from 16-1 to 16-2. -

17. Bring 16-2 to 140 RPM, hold 2 mine.,
then plug to stop. Repeat twice.

6.5 R 10/45-- 666 -

Meter Ti'actor

-Time

Lbs.

16-1

Lbs.
Time

16.1

Time

start Time end

added - Time added

Wt. Ftr. T...Lbs.

added
added

jacket water on

start S ime end

Maximum temperature 16-1L

16-2 Wt. Ftr. . Lbs.

Time start Time end

16-4 Agitator on
16-4 Jacket water on

Time start. Time end.....

16m2 Wt.Ftr. Lbs

Time start Time end

Time start Time end

16-2 Wt. Fr5,bs,

Time start - Time end

Time start Time end

16-2 Wt.Ftr._ Lbs.

Time start_..Time end -

C



a A/A)- /d 4/ 7&C .-
DECONTAMINATION OPERATIONS

Date.---
Run No.

V - SECOND DECONTAMINATIOW (BY-PRODUCT) - BY-PRODUCT CAI SOLUTION (Cont 'd)
18. With a6-2 stopped, jet 16 2 Time jettedto '6-4.

19. Beckman reading on 16-2. Meter Factor

Note: If the ckman reading is greater than on the 10scale, -notify the supervisor and hold pending hisinstructions.

20. BringA6-2 to 10 RPM and using the Time start Time end"Al jet, jet the remainder of acid
from 16-1 to 16-2 to 16-4. Keep Time stop
the tbwl empty as possible during
this operation. When the 16-1 to
16-2 transfer stops, shut off the
"A" jet and plug 16-2 to stop. DECL SSIFIED

21. Jet 16-2 to 16-4. Time jetted

22. Using the "B" jet, again jet Time start Time end16-1 to 16-2. When the transfer
stops; shut off the jet and read 16-2 Manoeter Lbs. -16-2 manometer.

23. Jet i6-2 to 16-4. Time jetted

24. 'Beckman reading on 16-4.- Meter Factor

-25. Agitate 16-4 for one hour at Time start
35-4O c' Time end

26. Stop M-4 agitator and read Wt. 16-4 Agitator offFtr., Temp. and Sp.Gr. when 16-4 Wt.Ftr. Lbs. - -Sp.Gr. meter becomes constant, 16-4 Sp.Gr. Temp.then start _16-4 agitator. 16-4 Agitator on _ mp.

27. Call dispatcher, give charge Time called
data and request that sample
16-4-BP be taken. Time sampled

28. When approved by the dispatcher, Time approved
jet 164 to 15-9. Time jetted

i9. Shut off 16-4 Jacket cooling water. 16-4 Jacket water off

- 667 -6.6 R 10/45-



a DECONTAMINATION OPERATIONS

Date
Run No..- -

VI - gECOND DECONTAMINATION (PRODUCT) - REDUCTION AND PRECIPITATION

1. Beokma reading on 17-1.

2. Receive effluent from 16-3 into
17-1 (TW in 17-1 approx. 16,500
Ibs.) Shut off 16-3 air sparger
on conpletion of transfer.

3. -Becanah reading on 17-1.

4 . Start 27-1 agitator and adjust
temperature to 40-5000. DO NOT
EXCEED 5000. until -step 6 is
completed

5.Add 11160 lbs. of 14% Ammonium
Silico Fluoride solution (Line H)
in two portions of 500 lbs. and
one oft160 lbs. to 17-1 via 17-YE

6. Flush 17-lE to 17-1 with 50 lbs.
of pr6 ess water.

7. Add 1520 lbs. of 20% Iron Solution
(Line-M) to 17-1 via 17-1A.

8. Flush 17-A to 1T1 with 50 lbs.
,of pro-ess water.

9 Heat 17-1 to 750C with jacket
steam lnd maintain temperature
until step 15 is completed.

10. Add 16 lbwa of 24% Bismuth Nitrate
solution (Line R) to 17-1 via 17-I.E
at the rate of 3 lbs. per minute.

11. Flush 17-lE to 17-1 with 50 lbs. of
procest water.

Meter Factor

Time start Time end
17-1 Wt. tr.. Lbs.
17-- Sp. r. - Temp.
16-3 Air aparger off

Meter Factor

17-1 agitator on

4 DELASSIFIED
lt Part. Tbs.

Time added
2n& Port. Tbs.

Time added -
3rd- Port. - T.

Time added (Total)

Lbs. added Time added

Lbs. added .Time added

Lbs. added Time added

Time start Time 7500

Time start Time end
Lbs. added

Lbs. added Time added_ -

12. Digest 17-1 for ,30 minutes at 7500. Time start_ Time end

13. Add 1510 lbs. of 75% Phosphoric
Aoid (tine F) to 17-1 via 17-lA
at a t Ate of 23 lbs. per minute.

14. Flush 17-IA to 17--1 with 50 lbs.
of process water.

6.7 R 10/4k - 668 -

Time start Time end
Lbs. added

Lbs. added Time added
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a DECONTAMINATION OPERATIONS

Date
Run No.--

VI - S-ECOI _DACONTAMINATION (PRODUT) -EDUCTON AND PRECIPITATION (C ont Id)

15. Digest 17-1 for 2 hours at 75 0.

16. Bec aan reading on 17-i during
digetion.

17. Turn cooling water on 17-1.

18. Stop 17-1 agitator, read Wt. Ftr.,
Tempeand Sp. Gr. when Sp. Gr.
metet becomes constant, then
start-17-1 agitator.

Time start Time end.

Meter. Factor

17-1 jacket water on.

17-1 agitator off

17-1 Wt. Ftr. - Lbs.

17-1 Sp.- Gr.

17 -1 agifator on _

Temp.

19. Cool 17-1 to 5000 and proceod>
with -centrifugation. Leave
cdolig water on until 17-1
is empty or at 2590

6.8 R 1o/45 669 -
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DECONTAMINATION OPERATIONS

Date
Run No.

VI - SECOND DECONTAMINATION (PRODUCT) - OETMIFILATION

1. Beckman reading on 17-2.

2. SuperfThor's approval to start
centrifugation.

3. Set the centrifuge skimmer and
bring&17-2 centrifuge to 870 RPM

4, Turn on 17-3 air sparger.

5. With 17-2 at 870 RPM and using the
"A" jet, jet slurry from 17-1 to
17-2 a the rate of 140 lbe. per
minute. Check the rate at inter-
vals Ej insure proper rate. Shut
off Ir1 agitator when the liquid
level -drops below the agitator
blades and call the dispatcher
and notify him of the coming 17-3-W
sampl6.

Meter, -- Factor

Beckman limit -
Assay previous run (17-4)
Approved by: Time

Supervisor

Time 870 'RPM

17-3 Air Sparger on

Time start
Ttansfer iate Time

Avg.
17-1 Agitator off

DECLASSIFIED
6. Turn 5n 17-3 jacket cooling water. 17-3 jac1t water on

7. When the transfer from 17-1 to 17-2 Time start Time end
stops, indicated by the leveling off
of the 17-3 Wt. Ftr. trace (do not
shut off jet), jet from 17-3 to 17-1
for 30 seconds and empty 17-1 again.
RepeaC this operation 2 times to flush
out 1T-l; Shut off jet on completion
of the recycling.

8. Add .5d&(lbs. of water to 17-1 via Lbs. added Time added_
17-1E.

9. With cooling water on the jacket,
circulate through 17-1 spray for 3
minute. Hold 17-1 temperature -

belowYSO00.

Time start Time end

10. Jet 17-1 to 17-2 using the "A" jet. Time end-
When transfer stops, indicated by the
levelling off of the 17-3 Wt. Ftr.
trace- shut off the "A" jet. Using
the "I" jet, again jet 17'.1 to 17-2. - -

11. After 3 minutes skim 17-2 to a 10 Time stop
galloff heel and, plug 17-2 to stop.

69 R 10/45 67 %I
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DECONTAMINATION .OPERATIONS

Date
Run No.

VI. SECOND DEC6NTAJ:MINATION (PRODUCT) CEMTRItJGATION (ont'd)

12. Shut off the 17-3 air sparger and:
read the Wt. Ftr., Temp. and Sp.Gt.
when't~e Sp.Gr. meter becomes
constait, then start 17-3 air
sparger again.

13. Call dispatcher give charge data
and rejuest that sample 17-3 W
to be taken.

14. Add cake dissolving acid to 17-1
and start circulation (See page
6.12, steps i-4 inc.) before
starting cake washing.

17-3 Air sparger off__
17-3 Wt. Ytr. Lbs. - -

17-3'Spr._ Temp.
17-3 Air'Sparger on

Time called
Time sampled,

Time added

DECLASSIFIED
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IlSCONTAMINATION OPEMATIONS

Date,
Run No

VII - SB00DD DEONTAMINATION (roDUOT) CAKE WASEING

1. Bring 17-g to I RPM, add 250 lbs.
of water through the bowl sprays
at full pump pressure.

2. Brinj 17-2 to 140 RPM, hold 2
minutes then plug to stop. Re-
peat twice,

3. Read 17-2 Manometer

4. Bring 17-2 to 870 RPM, hold 5
minutes, and skim to a 10 gallon
heel-

5. Plug t7-2 to stop.

6. Bring 17-2 to 10 RPM and add 250
lbs, of water through the bowl
sprays at full pump pressure.

7. Bring 17-2 to 140 RPM, hold 2
minutes, then plus to stop.
Repeat twice,

8. Bring 17-2 to 870 RPM, hold 5
minutes and skim to a 10 gallon
heel,

9.- Beclkiaa reading on 17-2.

10, PlugT7-2 to stop.

6.ma B 10/45

Lbs added-

Time Added

Time end

Manometer Lbs._

Time end

Time stop

Lbs. added

Time added

Time end

Time and

Meter Factor

Time stop

DECLSSIFIED
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7/CA> /OEv 7 'Cm-DE00ITANATI0N PAIN

Date
Run No._

VIII - SECOND DECONTAMINATION (PRODUCT) PRODUC

1. Beckman reading on 17-4

2. A&dC1570 lbs. of 60% Nitric Acid
(Line G) to 17-1 via 17-1A.

3. 7Th h 17-IA to 17-1 with 50 ibs.
of process water.

4. With cooling water on the jacket,
circulate through 17-1 spray (50-70
lbs steam pressure) for 20 minutes
HOIrl7-1 TEMPEATURE BELOW 5000.

5. Call dispatcher and request
peraission to jet slurry from 17-2
to 7-4.

6. Usi the "A" jet, Jet 330 lbs.
of Laid from 17-1 to .11-2

7. Brirfg 17-2 to 140RPM, hold 2 mine.
then plug to stop. Repeat twice.

With 17-2 stopped, jet 17-2 to 17-4

9. SteE 17-4 agitator and jacket
cooling water.

10. Usirg the "A" jet, Jet 330 lbs.
of acid from 17-1 to 17-2.

12. Bring 17-2 to 140 RPM, hold 2 mins.
therlplug to stop. Repeat twice.

12. With 17-2 stopped, jet 17-2 to 17-4

13. Using the "A" jet, jet 330 lbs.
of atid from 17-1 to 17-2.

14. Bring 17-2 to 140 RPM, hold 2
mins, then plug to stop. Repeat
twicq.

15. With 17-2 stopped, jet 17-2 to 17-4.

16. Using the "A" Iet, Jet 330 lbs. -
of acid from 17-1 to 17-2. -

- 673,-

T AESOLUTION

Meter - Factor_

Lbs. added Time added

Lbs. added Time added
17-1 Wt. Ftr. Lbs.

17-1-jacket water on
Time start Time end-

* Maximum temperature
17-1 jacket water off

Time called
Time jetted

17-2 Wt. Ftr._ Lbs. -

Time end

* Time Jetted

17-4 agitator on
17-4 jacket water on

17-2_Wt. Ftr._ Lbs.

Time end

. Time jetted--

17-2 Wt. Ftr. Lbs.

Time end

Time jetted

17-2 Rt. Ftr. - TLbs.

I-_

8.
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DECONTAMINATION OPERATIONS

Dat-e-
Run No.

ViII- SECON D$CONTAMINATION (PRODUCT) PROIUCT CARE SOUTION (ent'd)

19. Bring 17-2 to 140 RPM, hold 2 Time end
miAtes then plug to stop.
Repeat twice.

20. With 17-2 stopped, jet 17-2 to
17-.

21. flectonan reading on 17-2.

Time-etted

Meter Factor

Note: If the Beckman reading is greater than on the 10-
scale, notify the supervisor and with his approval add
the reneining acid in 330 lb. shots-until the Beckman
reaches this level or the acid is used up.

22. Bring 17-2 to 10 RPM and using the
"A"jet, jet the remainder of acid
fro 17-1 to 17-2 to 17-4. Keep
the bowl empty as possible during
this operation. When the 17-1 to
17- transfer stops, shut off the
"A" jet and plug 17-2 to stop.

23 . Jet_ 17-2 to 17-4.

24. Using the "B" jet, again jet
17-l- to 17-2. When the transfer
stops, shut off jet and read
17-2 manometer.

25. Jet 17-2 to 17-4.

26.. Beckman reading on 17-2.

27. Shut off 17-3 air sparger and
read Wt. Ftr. Temp. and Sp. Gr.
wheii Sp. Gr. meter becomes cons-
tant, then start 17-3 air
sparger again (TW approx. 23740
lbs;)

28. Agitate 17-4 for 1 hour after
final addition of dissolving acid
(Step 25 above). Keep temperature
below 4000.

29. Beckman reading on 17-4.

6.13 R 176/45 - 674 -

Time start Time end_

Time stop

-- Time- jetted

Time start Time end

17-2 Manometer _ Lbs.

Time jetted

Meter _ Factor

17-3 Air sprager off
17-3 Wt. Ftr. _Lbs.
17-3-Sp. Gr. Temp._
17-3 Air sparger on_-_ --_--

Time fend

Meter Factor

DECLISSIFIED
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DE0ONTAMINATION OPERATIONS

Date
Run No. -

VIII - SECOND DECONTAMINATION (PRODUCT) PRODUCT CAIC SOLUTION (Cont'd)

30. Stopt7--4 agitator and read Wt.
Ftr.,_ Temp. and Sp. Gr. when
Sp. GCr. meter becomes constant,
then start 17-4 agitator again.
(TW approx. 2020 lbs.)

31. Call-dispatcher, give charge data
and request that sample 17--4-P
be taken.

32. When the dispatcher approves,
call 3operator at Section 0
Bldg. 224 and jet 17-4 to C-4
When notified that the transfer
has stopped, put jet on air for
2 minutes, then shut off and
checkjWt. shipped against Wt.
received in 224 Bldg. (3%
Jetting dilution). If transfer
is incomplete, again jet 17-4 to
c-4.

33. Shut tf 17-4 agitator and jacket
cooling water.

17-4 Agitator oft
17-4 Wt. Ftr. Lbs._
17-4 Sp. Gr. - Temp.
17-4_tAgitator on

Time called
Time- sampled

Time called
Time- transfer complete
Air blow complete
Wt. Shipped 17-4
Wt. Received in C.-4

17-4 agitator off
17-4-Jacket water off

DECLSSIFIED
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WOONTAMINATION OPERATIONS

Date -
Run No.

IX - SECOND D CONTAMINATION (PRODUM) WASTE FROM 2ND PRrIPUCT PRECIPITATION

1. Becnan reading on 17-3

2. When the dispatcher approves,
shut off the air sparger and jet
first half of 2nd product preci-
pitation waste in 17-3 to 15-6.

3. Turn on 17-3 air sparger.

4. When the dispatcher approves,q
jet the last half of the 2nd
product precipitation waste in
17-3 -to 15-6.

5. Shutl off 17-3 air sparger and
jacket water.

Meter Factor

Time approved
17-3 Air sparger off
Time start Time en& _..
17-3 Rt.Ftr. tbs.

17-3 --r sparger on

Time approved
Time art Time end_ __
17-3 Wt. Ftr. Lbs. -

17-3 Air sparger off
17-3 f-acket water off -

DECLASSIFIED

676 - S

r

11 1 /456.15



A/to 7

INDEX

I..

CHAPTER V

444

Agglomeratin, 6.0
BiPO4 metathesis, 610o
By-product precipitation,

equipment, 615
function, 604
operations, 623

Centrifuging, 624, 625
Decontamination factor, 610
Diffusion in crystals, 610
Dilution strike, 604
Equipment, 612
Factors in decontamination, 610
First decontamination cycle, 623
Metathesis 4i BiPO4 , 610
Operations, 623
Oxidation, 6b3, 623, 627

agents, 603
states 603

I - DECONTAMINATION

Process variables,
by-product precipitation, 604
product precipitation, 609
reduction, 608

Product precipitation
equipment, 615
functions, 609
process, 625

Recovery 6f wastes, 611
Reduction,

equipment, 615
functions, 608
process, 625

Second decontamination cycle, 621
Section functions, 615
Self-purification, 610
Solid diffusion, 610
Solution of cakes, 625, 626
Valence states, 603
Waste rework, 611

DECLLSSIFIED
4

At..

- .677 -

* rn
4.



HW-10475-SEC. C

COPY NO. 63SERIES C

INTODUCTION

HAwORD ENGIlmER WORKS TECHNICAL MANUAL

SECTION C - SEPARATIONS

CHAPTER VII - CONCENTTATION

The extract:on and decontamination steps carried out in the Canyon

Building yield a dilute product solution containing less than 0.001% of the

original fission activity. The main purpose of the operations carried out in

the Concentration Building is that of bulk reduction or concentration of this

product solution. The bulk after concentration is only about 3.6% of that

before the operation and a cross-over from bismuth to lanthanum carrier re-

duces the weight of carrier associated with the product about 7.5-fold. In

addition to this concentration, a aecondary purpose of the process is that of

increasing the decontamination of the product approximately 100-fold, to a

final over-all factor of 107 or greater. The operations carriqd out in the

Concentration Building are discussed in this chapter.

DECLASSIFIED
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|ML DEscIIN OF THE PESS DECLASSIFIED

In the Concentration Building, the product is concentrated to the point

where it is ready for direct precipitation without carrier in the Isolation

Building. In addition, the product is decontaminated further to an over-all

factor of 107, which permits the concentrated product solution to be handled

in the isolation process without any shielding at a distance of a few feet

with no radiation hazard.

In order to carry out the two main objectives described above, it is

necessary to (1) supplement the removal of two of the major fission 
activities

very nearly eliminated in Canyon Building steps, zirconium and columbium; (2)

eliminate as completely as possible the remaining fission activities, namely

lanthanum and rare earth components; (3) separate the bismuth phosphate car-

rier from the product and "cross-over" to a carrier which will co-separate or

carry product at lower carrier-to-product weight ratios than bismuth, such as

lanthanum fluoride; and (4) convert the relatively acid-insoluble lanthanum

fluoride product precipitate by "metathesis" to a highly soluble compound,

such as lanthanum hydroxide, which will permit the delivery of a small-volume

concentrated product solution to the isolation process.

The second-cycle bismuth phosphate product solution as it arrives 
from

the Canyon Building has a volume of approximately 200 gallons 
and contains the

product in association with a total of 43 lbs. of bismuth phosphate. 
Its

gaoma fission activity, after a decontamination of 105 in the Canyon Building,

is composed essentially of approximately 25% lanthanum and 75% zirconium 
and

columbium. After oxidation in Cell C, a standard "bismuth phosphate by-

product" precipitation (without scavengers) is carried out 
in Cell A. This

serves to eliminate the bismuth carrier, which would precipitate later 
in the

fluoride crole, and most of the zirconium and columbium 
fission activities.

The gross decontamination factor for this step is usually 
3.5 to 4 and product

losses average 0.2 to 0.3%.

After a supplementary permanganate oxidation of the product effluent, to

assure the-complete maintenance of the product in the higher valence (v)
state, h-"flanthanum fluoride by-product" precipitation is carried out in

Cell D. In this step, most-of the lanthanam and rare earth fission activities,

being fluoride insoluble, are removed. In-addition, this step is a convenient

-point to "recycle" the lanthanum - ai ing isolation supernatants as a

means of recovering the product l ft in aution (2-3%) when the product

peroxide is precipitated at the Isolation Biilding. The gross decontamination

factor for this step is usually 1 to 13 and product losses average 0.7 to

0.8%.

Having carried out two by-produ t preci itations and separated the bismuth

phosphate -carier from the product, the product solution is then ready for a

cross-over to carrying by a second carr er lanthanum. The oxidized product

is reduced with oxalate (catalyzed b manganous ion from the permanganate .

added in Cell D) and a lanthanum fluori .e product precipitation carried out in.

Cell E. Due to the difficulty of separating lanthanum fluoride precipitates,

703 - S.



HW-10475-SEC. C

COPY NO. 6 SERIES C

CHfISThY OF THE STANDARD PROCESS

which are very finely divided and almost colloidal in nature, at least two
strikes and centrifugations must be made by returning the first centrifugate
to the precipitator and repeating the first- strike procedure again. Very
little, if any, decontamination is obtained in this step, since more than
half of the remaining fission activities (traces of lanthanum, rare earths,
zirconium and columbium) are fluoride insoluble. Product waste losses in the
effluent usually average less than 1.5%.

The product has then been separated with a relatively small weight of
carrier, approximately 5.5 lbs. of lanthanum fluoride. The carrier is but
slightly soluble in acid, however. Thus, the lanthanum fluoride product
precipitate- is transferred to Cell F and metathesized to a lanthanum hydroxide
product precipitate by digestion with potassium hydroxide solution. After
separation of the lanthanum hydroxide product precipitate by centrifugation,
it must then be slurried back into a wash solution which serves to dilute the
fluoride ions liberated by the metathesis. This wash solution is made high
enough in potassium hydroxide (2%) to prevent colloidal dispersion and leak-
through of the lanthanum hydroxide in its second centrifugation. The fluoride
ion must be removed to prevent reprecipitation of lanthanum fluoride when the
lanthanum hydroxide product precipitate is dissolved in acid. The last step
in the concentration process is the solution of lanthanum hydroxide and prod-
uct in enough 60% nitric acid to dissolve the entire cake and produce a small-
volume product solution 2N in 21O that is shipped in a stainless steel
container by truck to the Ieolati6n Building. Essentially no decontamination
is obtained-in the metathesis cycle and product losses in the two wastes
usually total approximately 1.0%.

The over-all result is a concentration of the product with respect to
carrier element of about 7.5, 30 lbs. of bismuth reduced to 4.0 lbs. of
lanthanum. - The bulk reduction of the product solution is approximately 27,
200 gallons of second-cycle product cake solution reduced to 7.3 gallons of
final lanthanum nitrate solution. The decontamination factor obtained in
the concentration process is approximately 100, resulting in a final over-
all decontamination of the original fission activities present at extraction
of greater than 107. The residual gamm-emitting fission activities associ-
ated with the product in this concentrated solution are composed of more than
50% lanthantm, with the remainder consisting of zirconium, columbium and
ruthenium.

OF EESTAflHDDECLASSIFIED
CMEMISTRY GF THE STANDARD PROCESS

Bismuth Phosphate By-Product

The chemistry of the concentration process BiPO4 by-product precipita-
tion is the same as for the second decontamination cycle by-product in the
Canyon Building (See Chapter VI). The chief function of the precipitation
at this point is the removal of bismuth from the product solution in order
to prepare the solution for a cross-over to a carrier, such as lanthanum,
which is capable of co-precipitating product at lower carrier-to-product
ratio. Bismuth oxalate would precipitate in large quantities during the
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subsequent reduction stop and contribute too much carrier to the final product
cake to permit its being dissolved in a sufficiently small volume to deliver
to the isolation process.

The decontamination effected by the BiPO4 by-product precipitation, while

secondary to the purpose of bismuth elimination, is still relatively important.
Essentially no data on the specificity of the cross-over BiPO4 by-product
precipitation for fission activity removal are available because of the low

levels of activity present in the large volume of solution (References 1, 2).
Plant test data show, however, that of the starting solution in the concentra-

tion process, approximately 75% of the total gamma activity is composed of
zirconium and columbium and 25% of lanthanum, with small amounts of primarily
rare earth activities (Reference 3). The decontamination factor of 3.5 to 4,
which is usually indicated by plant Beckman meter readings at this step, can

be assumed-to be effected by the removal of nearly all of the zirconium and
columbium present.

Oxidation

Au outlined in Chapter VI, the use of NaBiO, _as the primary oxidant and

Na2 Cr207 ai the holding oxidant constitute the preferred oxidation system.

In using these oxidants, 0.01M NaBiOx in 5 HNOx solution has been used
successfully to oxidize product in 1Vhour at 56 0C, making the oxidized solu-

tion 0.025_.in TNa2Cr2O7 holding oxidant at the end. In order to provide

greater safety from the undesirable precipitation of BiPO4 during oxidation,
however, t~e preferred oxidation method is carried out at 7.5N HNOx. The

aBiO3 andNa2Cr2O: bismuth carrier ratios are kept the same as in' the SN

HNO, oxidation process, making the minimum recommended concentration 0.012M
NaB Om and_0.033N Na2Cr207 . In addition, this 7.5N HflOt oxidation, is carried

out at 45 00, rather than 50 OC, to counteract the more rapid decomposition

of the NaBiO3 at the higher acidity. The Na2Cr207 holding oxidant is also

preferably aided with the NaBiO3 at the start of oxidation so that an oxidiz-

ing medium will be present after the decomposition of the NaBiOm is completed.

The use of 0.01M KMiO4 instead of NaBiCx as the primary oxidant in 5N

HNO3 solution has been successful in the laboratory (Reference 4), but semi-

Voris tests failed to show complete oxidation in the high acid solutions,

excessive reduction of the KMn4 to MnO2 taking place (Reference 5). The

substitution of O.OlM KMnO4 for Na 2 Cr 2 G7 as the holding oxidant has been

successful in semi-works trials, however (Reference 6).

Precipitation

The precipitation of the cross-over BiPO4 by-product differs slightly
from the standard by-product in the Canyon Building in that it is carried out

at 1.4N rather than at 1.25N ENO= and on approximately three-fourths of the
volume scale. The reasons for tiis are practicalrather than theoretical.

At start-uy, when large process solution volums9 were involved, it was neces-

sary to dilute the 5N oxidized product solution to no lower than .tN HNO
in order to prevent tank overflow in subsequent process steps. As reduced

process volumes were developed, the 1.AN HNOx dilution was retained in order

to maintain minimum process volumes in the fIuoride cycle. The E3 PO4 concen-

tration used in the .IAN ENo precipitation solution is 0.115, adjusted to
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maintain the BNO/H 2P04 molarity ratio at 1.25/0.1. Bismuth solubility under
these conditioni'isapproximately 35 mg/i.

Lanthanum Fluoride DECLASSIFIED
. Lanthinum fluoride as used in both the by-product and product precipita-

tions has enough in common in these two uses for them to be discussed jointly
as to general chara teristice. Lanthanum fluoride as normally precipitated.
is a finely divided amorphous, hydrated, flocculent mass, which even under
the electron microscope shows no definite crystalline structure, but rather a
small, ill-defined mass less than 0.01 micron in size (eference 7). In this
form, it is extremely difficult to remove quantitatively from plant solutions
in the large volumes in which it is formed. Extensive experimental work has
been carried out in the laboratory, semi-works, and plant on the precipitation
and separation of lanthanum fluoride. Its sub-microscopic particle size has
greatly hindered this work, however, and the majority of the data available
on its properties are admittedly confusing and often contradictory.

When precipitated from an oxidized. (VI) product solution, lanthanum
fluoride does not carry product and has the formula LaP 3 . It does carry down
fluoride -_insoluble fission activities, such as lanthanum, cerium (III),
yttrium, aiid other rare earths (eference 1).

When precipitated from a reduced (IV) product solution, it carries prod-
uct, apparently by a double salt formation such as 2 La-5.PuF4 . Thus the
theoretical minimum carrying ratio is 2 mole of lanthanum/mol of product or
1.17 weight units of lanthanum/weight unit of product. For purposes of
simplicity, lanthanum fluoride is referred to henceforth as LaFx, regardless
of its being precipitated in either an oxidized or reduced soluion.

Precipitation Methods

There are two major ways in which LaF3 may be precipiteted. "Coformed"
LaFw is precipitated by adding bydrofluoric acid to a lanthanum - containing
solution. "Preformed" LaF is precipitated by adding lanthanum to an
hydrofluoric acid-containiig solution. Laboratory studies have indicated
that coforied TAF3 flocculates more readily and separates more easily than
preformed LaF3 (eference 8). Clinton plant experience demonstrated the
reverse to-be true, however (eference 8). Process-wise, a choice between
the two methods could be made in precipitating the La, by-product (if no
recycle is involved), but the presence of hydrofluoric'acid at the time of
making the product LaPF precipitation (from the by-product) leaves no choice
but a preformed LaF3 s8rike.

In precipitating the LaF3 by-product, 0.2M hydrofluoric acid is used.
This is a high enough concentration to obtain low LaF2 solubilities and still
not cause too rapid corrosion. When all the lanthanum is added as "fresh"
lanthanum, a single preformed strike of approximately 500 mg/i is made. When
recycled lanthanum (from isolation supernatants) is used as the sole source
of lanthanum, a single cofarmed strike of approximately 720 mg/i is used.
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There is no choice between preformed and coformed LaF, in the latter case

since it is necessary to add the recycled lanthanum s6lution before the bydro-

flucric acid in order to oxidize the reduced product it contains. No dif-
ference in separation efficiency between the two iethods, as measured by
Beckman meteik decontamination calculations, has been observed in the plant.

A single strike, rather than a double strike, provides satisfactory separation

of LaF3 at these high lanthanum concentrations.

In precipitating the LaF, product, 0.5M hydrofluoric acid is used. Two

approximately 125 mg/I lantbafum strikes are carried out by returning the

first centrifugation effluent to the precipitator and repeating the first

strike procedure. Both strikes are necessarily performed, because of the

presence of bydrofluoric acid from the by-product effluent.

Solubilities

In the presence of even 0.114 hydrofluoric acid, LaF, solubilities in

nitric acid solutions are of the order of 5-10 mg/i. Although the solubility

of LaF3 is affected slightly by the presence of certain ions, such as cerium

(IV) and zirconium (Reference 9), the solubility of this carrier compound is

not an improtant variable in its use in process. The physico-chemical vari-

ables affecting its flocculation and separation characteristics are the

determining factors of its efficiency as a carrier and are discussed in more

detail later.

In the absenco of hydrofluoric acid, LaF, has an appreciable solubility

in nitric acid. This solubility makes it possfible to rework Lay5 by-product

waste slurries by recycling to the product solution prior to the re-oxidation

step of the LaF, by-product precipitation. The effect of nitric acid con-

centration on 1t 5 solubility is shown in the following tabulation

(Reference 10):

TABT'E I

SOLUBILITI OF -- IN-N3 B D ED

Ni HNO3  Solubility La (mg/1)

1.05 474
2.53 920
3.94 i46o
5.06 1420
6.15 1540
7.95 1700
8.09 166o

Oxidation in the Fluoride Cycle

In the absence of a strong oxidizing agent, it is difficult to maintain

the product in the higher valence (VI) state during the LaFP by-product
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precipitation, due to reduction by ferrous iron entering the solution from

hydrofluoric acid corrosion of the equipment surfaces. Although Na 2 Cr2O is

present in the Bil'0 4 by-product effluent, it does not prevent the reduction

of product. In addition, the recycled product returned to the LeFt by-product

must be oxidized before the precipitation of the lanthanum. The u6e of 0.01M

Kfl0jg has been found satisfactory for reoxidizing all product when the solu-

tion-is digested for 30 minutes at 75 OC and provides a satisfactory oxidizing

medium for maintaining the product at the higher valence (VI) state throughout

the precipitation cycle (Reference 11). --

It is believed that this treatment results in the deposition of a thin

film of Ma0 2 on the stainless steel surfaces, thereby inhibiting BF attack.

If for any reason this MnO2 film is destroyed, by extensive mid-operation

equipment decontamination, for example, it can be restored by digesting

(at 75 00) and circulating a conditioning solution containing 1% N0m and

0.7% KMO 4 , or by making "dummy" chemical runs.

eduction in the Fluoride Cycle

The reduction of product in the effluent from the by-product LaFx

separation fa necessary to induce the complete carrying of product in'the

IaY, product precipitation. This reduction is accomplished at low tempera-

turds (3 o) by the use of 0.07M oxalic acid, when catalyzed by the presence

of manganous ions. The LaFx by-product effluent contains approximately 0.01

KMnO4 and this is rapidly reduced to the manganous state, providing the

catalysis for the product reduction. Approximately 0.025M oxalic acid is

required for the KMnO4 reduction, leaving a residual excess of 0.045M oxalic

acid for product reduction.

01

Metathesis of Lanthanum Fluoride - ULULASIU
Although the LaF3 product precipitation succeeds in separating the prod-

uct in combination with a small weight of carrier, this precipitate is not

convenient to forward to the isolation process where the product is to be

separated from its carrier. Unfortunately the solubility of LaFt in fNOX is

too low to permit the direct solution of this mixed LaF - PuF solid in any

reasonable volume of solution (See Table I). This rela6ively insoluble

lanthanum compound is thus converted to a highly soluble compound, lanthanum

hydroxide, by metathesizing it with potassium hydroxide. I

The conversion of LaF - PuF to the corresponding hydroxides is most

simply and preferably canrIed out by digestion in 15% KOH for 90 minutes at

80 OC. The solid LaF3 - puF4 is converted to the solid La(OH), - Pu(OH)

without passing into solution during the process. The metathegized soli

resembles the original LaW, - PuF in appearance and characteristics, except

for acid solubility. After separation of the metathesis cake, the fluoride

anion concentration resulting from both the liberation of fluoride by the

metathesis itself and the inclusion of some BF from the Cell E centrifuge

heel is lowered by returning the cake to a dilute KOH (2%) wash solution and

*ecentrifuglng. The fliuride concentration. must be reduced to a minimum to

prevent tLaF reprecipitating when the La(OH)7 cakeas dissolved in acid-

,(eference 11). The wash is made 2% in KOH to prevent colloidal dispersion
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(or peptization) of the La(OH)z, which would result in a leak-through lose
during the recentrifugation. "e La(OH) 3 - Pu(OH) 4 cake is dissolved in euf-

ficient HNfO to produce a 2N BNO 3 solution of La(NO)x and PaOo) 4 .

It is desirable to maintain the iron concentraition of the final product

solution below 0.01M, in order to obtain low product peroxide solubilities

in the isolation process. The straight KOH method of metathesis described

above has demonstrated in the plant that it accomplishes a complete metathesis

.of LaF in that no appreciable losses in HN0,-Insoluble residues have been

obtaind in the final solution. Also iron c6ncentrations in the final solu-

tion have been below the tolerance level. Two other methods of metathesis

are available, however, which might be used if either of the above objectives

is not obtained by KOH metathesis. The first involves the use of 10% 12003
in combination with the 15% KOH (KOH-Ke2CO, metathesis) in the metathesis

step. This process is capable of reducing the HN0 3 -insoluble residues in the

final solution because of more complete metathesis (Reference 12). The

metathesis losses are of the order of 7%, however, and the 15% KOH-10% K2C3
must be reworked by the second addition of a small amount of extra lanthanum

and recentrifugation. The second process is designed to provide better iron

removal and involves solution of the IaF - PuP4 solid in 40% K2 C0 (straight

KjCnOj method), precipitation of iron sulide by the addition of (I'@) 2 S, and
finafly precipitation of La(OH), - Pu(OH)4 by making the K2003 solution 15%
in KOH (References 11, 12). This process is extremely cumbersome and it has

not been deemed necessary to use it in plant practice.

EFFSCT OF VARIATIONS IN PROES CONDITI

Since the time of the separations plant start-up at Hanford, a series of

process volume reductions has been developed and-applied (References 13, 14).
The main objective was a decrease in the process -olution volume reaching
the Lar 3 product precipitation step so that the product waste losses could be

reduced to a low level (less than 1.5%) by increasing the lanthanum carrier

concentration. The present standard solution volumes carried through the

concentration process are only 60% of the start-up volumes. Other inter-

mediate volumes have been and occasionally still are processed. As a means

of identification, the start-up volume is taken as the reference volume and

all other process volumes are referred to it as 40%, 60%, 80%, etc., of
start-up volume.

Bismuth Phosphate By-Product

The effects of variations in process conditions in this step are the 
same

as those previously described for the same operation in the second decontami-

nation cycle (See Chapter VI). In addition, it has been demonstrated in the

plant that variation in the process solution volume from 40% to 100% start-up

volume has no effect on either by-product waste loss or decontamination

factor (Beierence 6).
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Lanthanum Fluoride By-Product

Reoxidation

Reoxidation of either part or all the total product entering the LaF
by-product precipitation is accomplished effectively by heating the O.O1l
DMnQ solution at 75 00 for 30 minutes. No attempt has been made to study
either optimm temperature or KMnO4 concentration since the standard pro-
cedure is satisfactory (Reference 11).

MtO as a reoxidant and holding oxidant has been found to be the most
satisfactory of all oxidants tested, including Na2Cr207 or Pb304. NaBiO is
undesirable-because of subsequent precipitation of bismuth in the fluorige
product step. 'Various concentrations of KMnO4 holding oxidant have been
tried but 0.01M is the minimm which will provide residual oxidant through
the by-product precip!tation step (Reference 11).

Hydroffuoric Acid Concentration

The concentration of BF used in the LaF 3 by-product precipitation has
been varied between 0.2N and 1.ON. The lower concentration, 0.2N HF, is
most satisfactory because it causes less corrosion and the life of the hold-
ing oxidant is greatly increased. This maintains low by-product waste losses.
Soma laboratory information indicates higher decontamination factors at higher
(0.5N) BF concentrations (Reference 11).

Type of Precipitation DECLASSIFIED
When no recycled lanthanum is used, a preformed LaF3 by-product precipi-

tation is possible. Whatever part of the lanthanum is supplied by the re-
cycle met be thrown down as a coformnd precipitate. because of the necessity
of reoxidizing the recycled product before precipitation. All of the lantha-
num may be supplied in the recycle or it may be supplemented by a preformd
precipitate made with lanthanum added from the gallery. Fresh lanthanum is
added as a 10% solution of La(N03)2 - (NHN03 )2 - 40 containing 10% 3N03(to prevent -hydrolysis) over a period of 20 minutes. Neither the lanthanum
concentration nor the rate of addition is critical. No differences in either
decontamination factor or by-product waste losses result from the use of any
one of these procedures.

Lanthanum Concentration

When the equivalent of slightly more than two Cell E charges of lanthanum
are recycled from two isolation supernatants to any -single by-product, 720
mg/1 (9.0 lbs. total lanthanum) are precipitated in a single by-product strike.
When no recycle is returned, 500 mg/l (6.0 lbs. total lanthanum) are precipi-
tated. No differences in either decontamination factor or waste losses result.

In addition to the recycling of the lanthanum from isolation supernatants
to a regular production run, the lanthanum may be returned to a synthetic
BiP04 by-product effluent made up in the LaF3 by-product precipitator. In
these "master" recycle runs, as much as from 20 to 31 lbs. of lanthanum have
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been recycled into a 40-50 start-up volume solution, producing a lanthanum

precipitation concentration of 2300 and 3500 mg/1 respectively. In such cases

the centrifuge is skimmed to only 30 to 40 gallons. The by-product waste

losses for these large cakes range from 2.5 to 3.5%.

Strike Temperature

The standard procedure involves precipitation and digestion at 35 OC.

Although a higher temperature would provide better flocculation, the increased
corrosion and DM~O4 destruction would tend to cause higher waste losses.

Centrifugation

Since LaF is a finely divided gelatinous material, its separation is

extremely difficult. Standard practice requires centrifugation at twice the
bowl speed (1740 instead of 870 rev. /min.) used in the separation of BiPO4 .
In addition, as slow a rate of throughput as possible (70 lbs/minute) is
used to provide a maximum retention time in the bowl (8 minutes). Either
slower centrifugation speed or faster throughput rate would result in lower
decontamination factors.

Cake Washing

The product loss in the by-product waste is influenced by the efficiency
of the cake-washing procedure. For process volumes from 100% start-up down to
60% volume, the concentration of product in the skimmed centrifuge heel is low
enough such that a straight displacement wash from the precipitator through
the centrifuge is efficient enough to maintain the waste losses at 0.7 - 0.8%.
For process volumes below 60% start-up, however, the centrifuge heel contains
enough product that a two-batch slurry wash from the precipitator to the centri-
fuge is necessary to maintain the waste losses at these levels. A two-batch
gallery to centrifuge slurry wash, using the sprays to cut the cake off the
bowl walls, results in still lower waste losses (0.5 - 0.6%) but contributes
too large a fraction of colloidally dispersed LaF3 fines to the effluent, caus-
ing higher waste losses in the LaV3 product precipitation step.

The cake wash solution itself is a 6% HNo solution. By adding it to the
precipitator first and circulating it through She distributor, undesirable hold-
up of oxidized product is eliminated and the BF that it picks up helps to pre-
vent the dissolving of any La?3 in the bowl. Water alone would cause peptiza-
tion of the LaT3 in the bowl.

The volume of the La 3 cake is approximately 1 gallon/pound of lanthanum.

Lanthanum Fluoride Product

Reduction

The concentration of the oxalic acid used for the reduction of product is
most likely not the minimum that could be used. Although only 0.025M is re-
quired to reduce the 0.01M KMaO4 used in the by-product re-oxidation to the
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manganous state, there are varying amounts of M&014 returned to the by-product

step in the recycled isolation supernatants. Consequently, an initial concen-

tration of 0.07M oxalic acid is used, rather than the 0.06M used in preliminary

process studies, providing a final excess of approximately 0.045M oxalic acid.

No information on the use of lower concentration is available. Laboratory data

indicate that the standard reduction time of 3, hour, while providing very little

safety factor, is adequate (Reference 11).

Hydrofluoric Acid Concentration

In carriing out the La? 3 produce precipitation, it is desirable to use as

high a concentration of H as possible to assure the best precipitation of La?3

and still not cause excessive corrosion of process equipment. 
Here again there

are many discrepancies between laboratory and plant information, primarily be-

cause the separation of LaF3 appears to be a flocculation-centrifugation problem

specifically influenced by the scale of operation and type of equipment em-

ployed.

Laboratory data indicate that product carrying and separation are unaffected.

in the range of from 0.5 to O.3M Hf, but are decreased at lower concentration

(Reference 15), Other laboratory data indicate that product separation effi-

ciency is increased perhaps 30 or 40% by increasing the Hr concentration to 1-2N

(Reference 16). The latter has not been substantiated in the plant, however,

and the corrosion rates are objectionably high at such HF concentrations. 
The

present standard of 0.5N B is considered to be the safe optimum for product

LaF3 separation and tolerance corrosion rates.

Lanthanum Concentration

Laboratory studies have shown that the lanthanum concentration per strike

can be reduced as low as 25 mg/l in the LaF3 product precipitation without

affecting product carrying or separation (Reference 15). These are the results

of tests carried out under ideal conditions, however. In actual plant trials

tests have been carried out at 33, 50, 80, and 125 mg/l lanthanum concentration

(Reference 17). Although there are indications that higher lanthanum concen-

trations would result in still lower product waste losses, 125 g/l has been

chosen as the practical optimum from both volume reduction and cake size con-

siderations. The concentration of lanthanum is obtained by adding 2.0 lbs. of

lanthanum to each of two product strikes in the 60% volume process.

The effect 3f lanthanum concentration on the product waste losses is shown

in the summary of plant data given in the following table:

DECASSIFIE
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TABLE II

Effect of Lanthanum Concentration on LaFj pr6duct Waste Losses

No. La La Cone. % Product Losses in Effluent
Strikes mg1 Cent. #1 Cent. #2 Cent. #3

3 33 20 8 1.5

2 50 12 2 --

2 8o 8 1.6 --

2 125 6 1.2 --

Methods of Precipitation

Since HF is already present in the LaF3 by-product effluent, a preformed
LaFj product strike is necessary. Standard practice involves adding the re-
quired amount-of HF to increase the concentration to 0.5N, adding the lanthanum
as a 1.5% La(tf03 )3 -(NH4N0 3 )2 . 4H0 salt solution containing 1% HO 3 (to
prevent hydrolysis) over a period of 20 minutes, digesting for 1 hour at 35 0C,
and centrifuging. This procedure is repeated for the second strike, which is
necessary to obtain more complete separation of the product leaking through
the first centrifugation, carried by the incompletely separated LaF3 . Little
variation in this procedure, beyond lanthanum strike concentration and number
of strikes, has been tried, but such things as adding the lanthanum rapidly
without agitation to the heel from the first strike before return of the efflu-
ent, etc., have separately appeared to have no appreciable effect on LaF3
flocculation.

Agitation

Contradictory laboratory information exists that increased agitation during
the strike and digestion either hinder or aid flocculation of LaF3 (Reference
8, 16). No effects have been observed in the plant where sparging instead of
mechanical agitation, slow settling periods without agitation, and extended
agitation have been tried. At present, mechanical agitation throughout the
strike and digestion are considered desirable, to insure uniform precipitation
and carrying of product by LaP3'

Nitric Acid Concentration DECL SSIFlEG
No plant information is available on the effect of HN0 3 concentration on

the separation and carrying by LaF3, since the standard precipitation is and
has always been carried out at approximately l.ON HNO 3 . Laboratory information
shows, however, that higher EN03 concentration causes poor separation of LaF 3(Reference 16). Lower fN0 3 concentrations favor better separation (Refer-
ence 18). Neutralization of the HNO3 in the La3 by-product effluent before
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the product strike has been demonstrated in the laboratory to improve the sepa-
ration of product-carrying LaF3. There is some question, however, that the
resultant increased salt content would not counter-act this favorable effect
in actual plant operation (Reference 18).

Ionic Intarforences

Aluminum and magnesium interfere greatly with the carrying of product by
LF3. Inctreaed concentrations of such salts as 10 4N0 3 and NaNO3 cause poor
flocculation or separation (Reference 16), as do increased aaiunts of chromium
and manganedi (Reference 5). Calcium does not appear to have any effect (Refer
ence 16).

Temperature DECL SSIFIED
As in the LaF 3 by-product, strike and digestion temperatures higher than

the standard 35 %C favor increased flocculation of product-carrying LaF3 (Refer
ence 16). The effects are not pronounced, however, except for temperatures in
the range cf 50-75 0C which are objectionable because of accelerated corrosion
of equipment-by F.

Centrifugation

The actual separation of the LaF3 precipitate is the controlling factor
in the LaF3 product precipitation, rather than the carrying of product by La?3,
since complete carrying is relatively easily achieved. Although the degree oi
flocculation obtained in the precipitation itself is important, the conditions
of centrifugation are none the less important. Standard practice requires
centrifugation at top bowl speeds of 1740 rev./min. (approximately 1700 I-
gravitational/force) with throughput rates as low as practicable, approximate-
17 70 lbs/minute (8 minutes retention time). Lower bowl speeds or higher
throughput rates result in increased product-lanthanum leak-through or higher
waste losses.

Even under these conditions, however, 5 to 10% of the La passes through
the centrifuge into the effluent, due to the presence of La? 3 hines in the
precipitation slurry and/or deterioration of the flocculated La? during the
Jetting and centrifugation. It is thus necessary to make a secoi strike in
the product precipitation in an effort to reflocculate and redistribute these
product-carrying fines, in order to obtain satisfactory separation of product.

Carry-Over of Fiues from By-Product

The LaF3 product precipitation step is not entirely independent of the
LaP3 by-product precipitation. If the separation of the LaF3 by-product pre-
cipitate is incomplete, either because of poor centrifugation or peptization
in cake washing, LaF3 fines carry over into the effluent from which the Lay
product precipitation is made. When the reduction step is carried out, a
large proportion of the reduced product can then be picked up or carried by
these fines. - When the regular LaF3 product strike is made, these fines are
not flocculated to a great extent and thus become the source of high productleak-through in the subsequent centrifugations.
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Crystalline Lanthanum Fluoride

In an att-empt to eliminate both the carry-over of LAF 3 fine from the by-

product and the production of a highly dispersed LaF3 product carrier, tests

have been made with a so-called "crystalline" La? . These were carried out

by preparing a reagent slurry of solid sodium lan&hanum sulfate crystals.

This slurry, when added to both the by-product and product process solutions,
was metathesized to La! 3 by the BF in the solutions, and produced large heavy

crystals that were more easily separated than the regular flocculent La? 3

(Reference 7). The decrease in fines formation or inprovement in separation

efficiency did not prove to be great enough, however, to justify the use of

the more involved preparation.

Cake Washing Cairowshing [ECLASS IFIED
It is desirable to wash the La83 product cake to decrease the fluoride,

iron, and manganese content of the centrifuge heel passing on to the metathesis

step. Standard practice involves adding 500 lbs. of a 6% EN03 wash solution

to the precipitator, circulating to flush out any La?3 hold-up, and jetting to

the skimmed centrifuge in one continuous displacement wash. This results in

an increase in the product waste loss of only 0.1 to-0.2%.

A two-batch slurry wash, similar to that used in the LaF3 by-product cake

wash, has been used but is mch more time consuming and occasionally increases

the product waste losses by as mch as 1%. Although this results in less MaO2
appearing in the final metathesized product solution, the presence of the latter
does not involve any process disadvantages that would warrant the use of this

type of wash.

The wash solution is 6% ENO3 and is added to the precipitator to pick up
fluoride in order to prevent solution or peptization-of the LaF3 product cake.

bftatheSis

Conversion of the 'Product Lanthanum Fluoride to ydroxide

The conversion of the LaT3 - FuF precipitate obtained from the LaF pro-
duct precipitation is normally carried out by digestion in 250 gallons or 15%
KOH for 90 minutes at 80 00. At KOH concentrations lower than 15% or at tem-
peratures lcwer than 75 0C, the metathesis conversion is less rapid. The
volume scale [or lanthanum concentration) apparently is not critical (Refer-
ence 11). Although 60-minute digestion has proved satisfactory in operation,
the 90-minute heating has been retained to assure the most complete conversion
possible. - -

The standard method. of metathesis quoted above in liable to produce appre-
ciable amounts of HNO -insoluble material when used in new equipment start-up.
The presence of metaic impurities (such as filings, welding slag, etc.) in
new equipment either themselves directly contribute to the insolubles or in-
fluence thd incomplete metathesis of LaF 3 in such a way that objectionable
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amounts of product-carrying insoluble solids are obtained in the final La(OE) 3 -
Pu(OH) 4 cake solution.

An alternate method of metathesis may be used -in such a case (Reference
19). This method. involves the use of 10% K2003 in company with the 15% KOH
in the mtaThesis proper. This method tends to solubilize the objectionable
impurities to the extent that they are discarded in the metathesis waste and
a more complete solution of the final cake can be obtained. The metathesis
waste lose in the procedure is of the order of 2-5%, however, and it is nec-
essary to rework the waste by adding approximately 30 mg/liter of extra lantha-
num and recentrifuging (Reference 1, 12).

Still a third metathesis method may be used, prinmrily to reduce the iron
content of the final product solution. This method, the straight K2003 -
(NH4)2 S procedure, has been outlined previously in this chapter and does not
warrant a more extensive discussion at this point (Reference U1, 12).

The effects of process impurities on the standard metathesis are not very
well known. There is som laboratory information available indicating that the
presence of chromium has a harmful effect on both the carrying of product and
separation of La(OH) (Reference 5). This has not been borne out in the plant
to date, however. Qnanese and iron appear to improve the separation of
La(OH)3 after metathesis.

Metathesis Wash

The function of the metathesis wash has been described in the previous
section. The tank wash is standard practice rather than a bowl wash because
it has been found. difficult to slurry the precipitate completely down from the
bowl walls and obtain efficient rinsing out of the fluoride ions. The wash
liquor itself is made 2% in KO because this is the minimum concentration of
electrolyte which will satisfactorily inhibit peptization and product loss in
the subsequent centrifugation.

The major process variable involved in the operation of this step in the
plant is the actual removal of the cake from the centrifuge bowl back to the
wash tank. It has been found necessary to use a high-pressure water spray
(30 lbs/sq.in.) on the two lower baffle sections to strip the cake off the
lower walls completely and break up the lumps into .a slurry that can be Jetted
satisfactorily. Without the use of these high-pressure sprays, it is necessary
to employ a more extended procedure involving the use of the centrifuge plows
and protracted ulurrying up and down the walls of the bowl.

Centrifugation

In the centrifugation of the 15% KO metathesis slurry a throughput rate
of 12 to 15 _lbs/id.nute, with the centrifuge operating at top speed, 1800 rev./
min., is necessary to obtain the lowest product waste losses. The La(OE)-
PU(OH) 4 precipitate resembles the LaY3 - Pu? 4 precipitate very closely an is
difficult to separate. The through-put rate may be doubled, however, without
increasing the waste losses any more than by a factor of 2.
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The centrifugation of the 2% KOH wash slurry is also carried out at 1800
rev./min., but the throagh-put rate of 25 lbs/minute produces satisfactorily
low waste losses, even though the rate is twice that of the 15% KOR centrifu-
gation. This is believed to be due to the lower specific gravity of the second
KOH solution and the absence of such interfering ions as chromium, which is
largely discarded in thr first waste. A two-fold decrease in through-put rate
does not decrease the metathesis wash waste losses by more than 0.1%.

Although the volume of the La(OX) 3 cake is roughly 1 gallon/pound of
lanthanum the distribution of cake is such that a 4.0-lb lanthanum cake can
be skimmed to a 3-gallon heel.

Dissolution of Washed Metathesis Cake

A quantity of HN03 met be used which is sufficient (1) to neutralize
the 2% KOE heel in the centrifuge bowl, (2) to convert La(OH)3 and Pu(OH)4 to
the corresponding nitrates, and (3) to make the resulting solution 2.ON in

ENO3 . The final solution has a volume of 7.3 gallons and contains approxi-
mately 66 gm/1 of lanthanum. Since the volume of acid required to effect this
solution issmall, extra precautions met be taken to insure adequate contact
with all of the cake in the bowl. Extensive slurrying and use of the plows are
necessary to dissolve the entire cake.

Final HNO3 concentrations in the range of 1.8 to 2.2N are desirable. If
the ENO3 concentration is below O.5N, there is danger of hydrolysis or fprma-
tion of the "abnormal" (polymrized) form of product (See Chapter VIII). If
the acidity Is greater than 2.2N, it is necessary to adjust downward by neu-
tralization, in order to prevent increases in the product peroxide solubilities
in the isolation step.

A small water flush of the centrifuge and transfer lines after cake solu-
tion in necessary in order to minimize the hold-up of product in the centri-
fuge heel, since this heel is recycled to the next charge passing through the
metathesis operation. It is desirable that the total volume of the final pro-
duct solution be kept at a minimum, since the amount of product to be recycled
from the isolation process is a direct function of this solution volume.

The product solution usually contains varying amounts of HN0 3 -insolubles,
largely MnO2, but also small amounts of Fe, Ni, Cr, La, Bi, Si, Ca, etc. If
metathesis has not been complete, the residue will contain LaF 3 and significant
amounts of product. In general, the soluble iron content is less than 0.01M,
which is tolerance level in the isolation step.

RECOVERY C PRODUCT FROM WASTES DECLASSIFIED
It has not yet been necessary to recover product from the LaP3 by-product

wastes in the Concentration Process. Reworking of the BiPO4 by-product, LaF3
product, and metathesis wastes, however, has been necessary occasionally.
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The theories and procedures involved in the reworking of such wastes are out-
lined at this point. The actual plant procedures are not quoted in detail,
since the standard process procedures can be applied with certain revisions
if the basis for the reworking procedures is known.

Bismuth Phosphate By-Product

The recovery of product from BiPO4 by-product waste solution of the
concentration process may be accomplished by methods similar to those used
for the second cycle by-product (See Chapter VI). The causes of high-product
waste losses will probably fall into two main categories: (1) the existence
of appreciable amounts of the difficulty soluble or "beta" form of BiP 4 in
the second-cycle product cake solution from the Canyon Building, or (2) im-
proper execution of the oxidation step in the Concentration Building.

In the first case, the by-product cake will probably be incompletely
dissolved vhen the standard amount of 60% HNO (1400 lbs.) is used. Complete
solution of the undissolved BiPO4 should first be effected by the addition of
extra ENo3._ Solution should be complete when 2600 lbs. of HN03 has been added.
The standard 7.5N HN03, 0.013M NaB103, 0.033N Na 2 0r2 07 oxidation should then
be carried out in the solution tank (by temporary reagent line jumper instal-
lation) or, preferably, in the precipitator. The standard procedure for the
100% start-up volum by-product process is then carried out with three equal-
weight lanthanum strikes and centrifugation in the LaF 3 product precipitation.

In the case of improper execution of the original oxidation step, solution
of the BiPO4 by-product cake will most probably be complete in the regular vol-
ume of RN03. In this event, a larger volume oxidation process is repeated,
preferably in the precipitator, and a normal by-product precipitation also re-
peated.

For the unusual case of very difficultly soluble by-product cakes requir-
ing more than 2600 lbe. of 60% HKO3, a special reworking procedure has been
developed in the laboratory (Reference 20). This method involves a by-product
reprecipitation at as high as 2.5N HNO3 using 0.3M1di-ammonium acid phosphate,
to neutralize partially the extra acid at the time of precipitation, and NaOE,
to complete the neutralization of the extra acid after precipitation. The
resultant high salt concentrations may cause as high as 20% product waste
losses in the LaF3 product precipitation, however.

Lanthanum Fluoride By-Product

A procidure has been developed in the laboratory for reworking the LaF3by-product wastes by recycling the waste slurry into the BIP0 by-product
effluent of the succeeding charge prior to the LaF9 by-product oxidation step
(Reference 10). This procedure is based on the solubility of LaF being high
enough in the 1.3N HN03 process solution, approximitely 50 mg/1 lanthanum
(see Table I), to redissolve completely the LaF3 precipitate and thus permit
product reoxidation as in the recycle process. This procedure is based on the
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use of the 100% start-up volume process, however, and it is impossible 
to dis-

solve all of -the LeF3 in the 60% start-up volume process.

It is recommended, accordingly, that special synthetic 100% volume 
BiPO4

by-product effluent (1800 gallons of 1.8N HNO3 ) be made up in the LaF3 by-
product precipitator. The waste slurry is then returned to the precipitator,
the solution made 0.01M in fMnOw, and the standard LaF 3 byL-product oxidation

and precipitation carried out. The effluent is processed through the LaF3
product precipitation and metathesis as a 100% volume "extra" 

run.

Lanthanum Fluoride Product

If the LaF3 product waste is between 1.5% and 3%, recentrifugation alone

will reduce the loss to 1.5% or lower. Ordinarily a decrease in waste loss

by a factor of approximately 2 is obtained by straight recentrifugation. It

is usually desirable to proceed with the main LaFq product cake removal from

the centrifuge, then recentrifuge the waste, and leave the small amount of

product LaF3 removed in the running bowl to be combined with the succeeding
charge.

If the waste loss is of the order of 5% to10%: the use of 100% addi-

tional lanthanum in a single strike' to form an "extra" run is recommended.

A decrease ii the waste loss by a factor of approximately 6 may be expected

in the procedure. The addition of any such extra lanthanum makes it desira-

ble to form an extra rin'ad the full- amount of lanthanum is best used for
safety.

Metathesis

If the 15% metathesis waste loss is between 1% and 2%, slow recentrifu-

gation will decrease the loss to less than 1%. If it is higher than 2%,

inspection of the waste. sample for presence of suspended solids should be

made. Recentrifugation should be carried out if suipended slids are present,
skimming carefully to a slightly larger centrifuge heel. If no solids are

visible, the waste should be digested with 30 mg/i added lanthanum and then
recentrifuged.

The same treatment should be applied to the 2% KOH wastes, first making
certain that the wash solution is at least 2% KOH. Absence of the KOH will

cause peptization of the La(OH) 3 and resultant centrifugation leak-through.

IPMET DECLASSIFIED
The concentration Building is divided into six-operating areas termed

Celle A to F inclusive. the building layout and process piping are shown in

Figure 60 of Chapter II of this manual. All cell floors except the deep well
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of dell C are at ground level. Cells A to E are contained in a large rec-

tangular can yon as a single unit, being separated only by concrete partitions

that extend less than half of the distance to the roof. Gallery tiers run

along one side of this canyon. The operating galleT'y containing the reagent

make up tanks is on the third floor so that gravity flow of chemical feeds to

the process vessels is obtained. The pipe gallery,- sampling labyrinths, and

extrances to the centrifuge pits are on the second floor. The first floor

contains chemical storage, offices, 'air conditioning, and change-room 
facili-

ties. CellF is a two-story adjunct to the end of the building and includes

an operating gallery elevated above the process equipment which is located

at ground level.

The radiation levels are low enough so that only 12 inches of concrete

shielding aie used to separate process equipment from the working galleries.

Piping connections are made in a normal manner with standard bolted flanges,

without the remotely operated connectors used in the Canyon Building. All

piping from the galleries pass into the cells through grouted slots in the

main shielding walls and process piping between cells. All of the equipment

is readily accessible for repair or inspection. Although operation is con-

trolled remotely, direct rather than remote maintenance is used.

Except- for Cell F, the process vessels and instrumentation 
in the

Concentration Building are very nearly identical to those in the Canyon
Building. The lower level of activity, however, has made possible a Sim-

pler and more normal arrangement. Four of the cells, A, B, D, and E, are
essentiall -identical and contain a precipitator, centrifuge, catch tank

and solution tank (two in B). The centrifuges are placed on platforms at

second floor level, 13 feet above the cell floors, allowing gravity flow
t6 the catch tanks.

Cell A

'Cell A is used for the bismuth phosphate by-product precipitation. Its

precipitator (A-1) receives the oxidized product solution from the Cell 
C

oxidation tank (C-4) and includes return lines from the catch tank (A-3) and

solution tank (A-4), as well as a discharge to the centrifuge (A-2). The

catch tank has discharge lines going to the Cell B precipitator (B-1) and

the Cell D precipitator (D-l) for the effluent to pass on to the lanthanum

fluoride by-product and the dell E precipitator (E-1) in the event that the

La by-product is ever deliberately omitted. The solution tank (A-4) has

a discharge out of the cell to the waste neutralization tank (C-8) only. The

centrifuge (A-2) has a drain to the catch tank (A-3) and a jet discharge to

the solution tank (A-4). The layout of Cell A equipment and piping is shown

in Figure 1.

Cell B

Cell B is a spare cell for the bismuth phosphate or LaF by-products or

the lanthanum fluoride product. Its precipitator (B-1) has discharge lines
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from the Cell C oxidation tank (C-4) for receiving oxidized product solution,
from the Cell2A catch tank (A-3) for receiving bismuth phosphate by-product
effluent in the event of a Cell D failure, and from the Cell D catch tank
(D-3) for receiving lanthanum fluoride by-product effluent in the event of
a Cell E failure. In addition, the precipitator includes return lines from
the catch tank (B-3) and solution tank (B-4), as well as a discharge line to
the centrifuge (B-2).

The centrifuge (B-2) has a drain line to the catch tank (B-3) and jet
discharge lines to the solution tank (B-4) and metathesis tank (F-1), the
latter to provide for the use of Cell B as a lanthanum fluoride product cell.
The catch tant (B-.3) has discharge lines out of the cell to the Cell D pre-
cipitator (D-l), to send the effluent into the lanthanum fluoride by-product,
and to the waste neutralization tenk (C-8), to discard lanthanum fluoride
product waste. The solution tank has discharge lines to waste (C-8) and to
the Cell D precipitator (D-l). A spare solution tank (B-6) stands isolated
from other cell vessels in Cell B, having been originally provided for alter-
nate process work. The layout of Cell B equipment and piping is shown in

Figure 2.

Cell C DECL SSIFIED
Cell C contains a large waste neutralization tank (C-8) which can re-

ceive discharge from A-4, B-3, B-4, D-4, E-3, F-7, F-8, and C-7. In turn it

has discharge lines to the waste settling tank (361) and to the Canyon Build-
ing (17-3) for returning high product and high radiation wastes. for possible
reworking.

A regulat-sized solution tank (C-4) is located in a deep sump in the
right half of Cell C. This sump is 19 feet lower than the other cells, to
permit complete drainage of product solution transfers from the Canyon
Building. C-4 can receive product solution from either 17-4 or 19-4 via
the pipe tunnel from the Canyon Building. A recovery discharge from the
sump tank (C-7) is also provided. In turn, it has discharge lines to A-1,
B-1, and D-1, for transferring the product solution after primary oxidation,
and to 19-4 in the Canyon Building for returning "hot" solutions for further
decontamination.

The deep well sump tank (C-7) catches the floor drainage from all the
cells and also the discharge from a floor sump in the deep well itself. It
discharges to either the waste neutralization tank (0-8) or to the cooling
water sewer.

The laydt of Cell C equipment and piping is shown in Figure 3.

Cell D

Cell D is normally the lanthanum fluoride by-product cell. Its precipi-
tator (D-1) can receive oxidized product solution directly from C-4, from the
bismuth phosphate by-product catch tank (A-3), which is normal, or from the
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Cell B catch tank (B-3). D-1 also includes return lines from the catch tank
(D-3) and solution tank (D-4) and a discharge line to the centrifuge (D-2).
In addition, D-1 has a discharge line from the Cell .E isolation supernatant
reservoir (E-4), for receiving recycled lanthanum product solutions. The
centrifuge (D-2 has a drai'n line to the catch tank (D-3) and a jet discharge
line to the solution tank (D-4).

The catch tank (D-3) has discharge lines out of the cell to the Cell E
precipitator (E-1) and Cell B precipitator (B-i) for passing on to the lantha-
num fluoride product precipitation. The solution tank (D-4) has an out-of-the-
cell line to the waste neutralizer (C-8) only. The layout of Cell D equipment
and piping is shown in Figure 4.

Cell E

Cell-E is normally the lanthanum fluoride product cell. Its precipitator
(E-1) can receive oxidized product effluent from-either A-3, B-3, or D-3. It
possesses-a return line from the catch tank (Z-3) only, and the usual discharge
line to the centrifuge (E-2). The centrifuge has a drain line to the catch tank
(E-3) and jet discharge lines to the mtathesis tank (F-1) and to the solution
tank (E-4r. The catch tank has a transfer line out of the cell to the waste
neutralizer (C-8) only. The solution tank (E-4) has a recycle transfer line from
the Cell F F-10 Tank enclosure and a dischatge to the lanthanum fluoride by-
product precipitator (D-1).

The lsayout of Cell E equipment and piping is shown in Figure 5.
Cell F

Cell-F is the matathesis cell. All of its equipment is built on a smaller
scale than the rest of the cells because of the volume reduction taking place
after cross-over. The metathesis tank (F-1) receives lanthanum fluoride product
slurries from either B-2 or E-2 centrifuges. It has a discharge line going to
either the regular 26-inch centrifuge (F-2) or to-the spare (F-22). It can
receive recycle solution from the catch tank (F-7) for reworking. The lanthanum
hydroxide cake slurry returns from the centrifuges (F-2) and (F-22) also dis-
charge into F-1 for the metathesis wash operation.

The centrifuges (F-2) and (F-22) have drain lines running into a common
manifold leading to the primary catch tank (F-9). Discharge jets go to the
metathesis tank (F-1) and to the final product solution tank (F-10). The pri-
mary catch tank (F-9) discharges into the secondary catch tank (F-7), which in
turn discharges back into F- d and to the waste neutralization tank (C-8).
The sump waste tank (F-8) receives the discharges from the Cell F floor sumps
and F-10 enclosure sump and has a transfer line to waste (C-8).

The final product solution tank (F-10) is located inside a separately
ventilated enclosure and receives product from either centrifuge (F-2) or
(F-22). It ia a weigh tank and has a bottom drain for unloading the product
solution into the transfer container.

The layout of Cell F equipment and piping is shown in Figure 6.
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FIGURE 4

-LAYOUT OF CELL D-CONCENTRATION(224) BUILDING

4 1

I4

-- F

o -

0 -- I

---

S TO

'A -1

A 00.405

OOA0116"

EOUIPMENT ARRANGEMENT

DECL SSIFIED
PIPE ~ ~ ~ 0L GALR-ONETR

-1 T.

FU - -f E-

PIP GE C ONNECTOR

- PANEL BOARD

0

p
D*0*4

S

JO

2!;?. ®

0

_

.5 ,

A -IT
7

-4

at

O DJLOW
00000 P TO 0.11050

'00* P 000110

'ADAOSJoAI. 7
',OTOOAOETTON.V0

0 
0
.:~:IM -

CONTROL GALLERY WEIGH TANKS

. ..o.. ... .. ....
"i.' 00" 500iE"LE."-..:.,,, ...-

1O A. AmPS DA IS.AL.

-7 26-
-726-

0s .

-4

0l A.,

* I OIOIDTO

5 0 PII

[2



HW-10475-SEC.

COPY NO. 6 5 SERIES C

FIGURE 5

LAYOUT OF CELL E- CONCENTRATION (224) BUILDING
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4! ;- LAYOUT OF CELL F- CONCENTRATION(224) BUILDING
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Precipitators A-1, B-1. D-1, E-1

These precipitators are 9 ft. by 9 ft. jacketed, agitated tanks with an
overflow capacity of approximately 3700 gallons. They differ from the Canyon
Building precipitators in that their jackets are twice as large (approximately
8 ft.), the agitator couplings are located outside of the tank, their over-
flow lines have water seals, and, as is true of all the Concentration Building
equipment, are separately and directly tied into the main (291) ventilation
system. Instrumentation and equipment include two thermometers, liquid level
and density recorder, circulation distributor, microphone, sampler, sparger, and
outside ionization chamber.

Centrifuges A-2, B-2, D-2 and E-2

These are Bird, 40-inch solid bowl machines as illustrated in Figure 9
of Chapter V of this section, except that the special flanges for remotely
operated connectork are omitted. They can be operated at either 870 or 1740
rev. /min._ plugged to a stop, or inched at slow speeds for cake slurrying opera-
tions.

The bowl holdup is 60 gallons, giving a holdup time of 5 minutes at a feed
rate of 110 lbs./min. The holdup can be reduced to 10 gallons with the skimmer
and the cake can be scraped down from the walls by mechanical plows. Both the
skimmer and the plows are hydraulically operated from the control gallery. -

Instrumentation and equipment include bowl and case sprays operating under
70 lbs./sq.in. pump pressure, resistance thermometer, tachometer, wobble in-
dicator, microphone, liquid level indicator, and outside ionization chamber.

Catch Tanks A-3, B-3, D--3 and E-3

Design of the catch tanks is identical to that of the precipitators, ex-
cept that agitators and distributors are omitted. Each tank is provided with
a resistance thermometer, liquid level and density recorder, sampler, sparger,
microphone, and outside ionization chamber.

Solution Tanks A-4, B-4, B-6, c-4, D-4 and E-4 DECL SSIFIED
The -olution tanks are 4 1/2 ft. by 7 ft. jacketed, agitated tanks with

an overflow capacity of approximately 725 gallonA. Instrumentation and equip-
ment include resistance thermometer, liquid level and density recorder, sampler,
sparger, microphone, and an outside ionization chamber.

Metathesis Tanks F-1, F-7, F-8, and F-9

£heae four Cell F vessels are 4 ft. by 5 ft. jacketed tanks of approxi-
mately 415 gallons overflow capacity, all equipped with agitators, except F-9.
Instrumentation on each include resistance thermometer, liquid level and den-
sity recorder, sampler, and sparger. F-1 is the only tank equipped with an
outside ionization chamber.
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Centrifuges F-2 and F-22

These centrifuges are similar to the other machines used in this process,
but are 26Cinch instead of the larger 40-inch machines used elsewhere. F-2
is normally used in the process and F-22 is the stand-by. Bowl speeds are
900 and 1800 rev-./min. The running holdup is approximately 18 gallons and this
holdup can be reduced to 3 gallons or less by skimming. Skimmer and plows, the
latter being provided with GX scraper blades, are manually operated by geared
extension shafts. Equipment and instrumentation include a two-nozzle high
pressure spray (300 lbs./sq.in.) for the two lower baffled sections, a four-
nozzle low pressure spray (70 lbs./sq.in.) for all four baffled sections,
tachometer, plug control, inch control, liquid level indicator, eight glass
sprays, resistance thermoeter, and outside ionization chamber.

Product Storage Tank F-10

Final product solution from Centrifuge F-2 is jetted to F-10, a process
scale tank 4 inches wide, 3 feet long, and 2 feet 8 inches high, with. a capa-
city of 20-gallons. The solution is drained out of this tank into containers
for transfer to the Isolation Building. The tank is suspended inside a glass
enclosure with a stainless steel drip pan floor. Any spillage or drainage
collects in a small sump in the drip pan floor, from which it is jetted to F-8.
The tank is equipped with an air sparger and a direct vent to the ventilation
system. The enclosure surrounding the tank is also tied in directly to the
ventilation system.

The narrow width of the tank facilitates the escape of radiation from the
contents and minimizes the development of undesirable side reactions.

Final Product (PR) Containers

A number of special containers are provided to transfer the final product
solution from the Concentration Building to the Isolation Building and to re-
turn recycle solutions to the Concentration Building. These containers are
described in detail in Chapter VIII (see Vessel Number F-1). The container
assembly consists of a removable inner vessel of P5 gallons capacity, pos-
sessing a spherically ground closure, and an outer vessel serving as a
"carrier" container. The handling of the conmpound container in the Concentra-
tion Building is the same as that described for the Isolation Building.

Waste Tanks C-7 and C-8

These vessels are identical to the jacketed, agitated precipitators pre-
viously described, with the exception that they have no distributors. In-
strunentation is the sann as for the precipitators.

- 730 - a
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Scale Tan ks

Nitric, phosphoric and hydrofluoric acid, and caustic headers are supplied
from Building 271 and are connected to scale tanks metering these chemicals into
the cell process vessels. All other chemical reagent solutions used in the
process ire made up on the control gallery in the Concentration Building.

A list of the scale tanks and their description is given in Table III.
Details of their arrangement are shown in the respective cell diagrams,
Figures 1 to 6.

The -essential materials and their specifications, as used in the reagent
solutions make-up, are listed in Report CN-2021.

A-lA is used to add the large volume of dilution water to A-1 for the
bismuth phosphate by-product precipitation and also to add the nitric acid for
cake solution to A-!. A-lB is used to add phosphoric acid and the water wash
to A-1.

C-4B is used to prepare the 6.5% sodium bismuthate-2.5% sodium dichromate
solution-slurry oxidation mixture which is added to C-4 for the primary oxida-
tion in the concentration process. These concentration are used because they
represent the addition of the required amount of chemicals to the minimum
volume of water that will permit agitation during the addition of the bulk of
the slurry to the cell process tank. C-8A is used to meter 50% sodium hydrox-
ide into the waste neutralization tank, C-8.

Dl-1Bis used to prepare the 5% potassium permanganate solution, the 10%
lanthanum salt - 10% nitric acid solution, and the 6% nitric acid cake wash
solution,- all of which are added to D-1 in the lanthanum fluoride by-product
step.

B-1-D-l-E-1-Y is used as an anhydrous hydrofluoric acid storage tank, out
of which is bled metered amounts of acid to B-1, D-1 and E-1 in the fluoride
cycle.

E-1-4 is used .to prepare the 9.6% oxalic acid solution and the 1.5% lan-
thanum sflt-i% nitric acid solution, which are added to E-1 in the lanthanum
fluoride product step. E-iC is used to prepare the 6% nitric acid cake wbah
solution, which is also added to E-1.

B-A is used to make up the 50% potassium hydroxide solution supplied to
the F-1 metathesis via. E-2 or F-iC. E-l-B is used to make up the 17% potassium
hydroxide which is also routed to the F-1 metathesis wash via F-ic.

F-2B is used to add the 60% nitric acid and water rinse to F-2 Centrifuge
for the final cake solution, F-ic is used as an intermediate transfer tank
for the potassium hydroxide solutions sent to metathesis from the main con-
trol gallery.
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- lTABLE III

- CONCENRATYION (224I) BUILDING SCALE TAMK

~1

43*.

0

$9

0 :

-C-

A-1 A

A-1 B

A-l0-20

B-lA

B-1 B-2B

B-iC

0-8 A

C-4B

D-1 A

D-lB-2B

B-1-D--E-lY-

M-A

E-iC-2C

E-1 E

F-lA

F-2B

F-ia

Appurtenances

'.4
0

~Ai
40o S'6" 6'

90 2'6" 2,6"
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4oo 316"

0
4.,

43

I
x

0

00

-a

x

x x

I I

x x

x

6'
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4oo

x

x

x

x I

x x

x x

x x

Headers Supplied

x

x

I x

x

x x

x x

x

x

x x

3'6" 6'

90 2'6" 2'6"

90 2'6" 2'6"

75 2'6" 2'7"

koo 3'6" 6'

23 1'8" i'9"
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75 2'6" 2'7"

x x

x r

x

I

x

x

x x
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I

x

x

x

x

x
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Centrifuge Spray Pumps A-2D, B-2D, D-2D, E-ED, F-2D, F-2HPD

Except for F-2BPD, the above pump systems consist of a 19-gallon head tank
and a centrifugal pump delivering water under at least 70 lbs./sq.in. pressure
to the centrifuge bowl and case sprays. The bowl sprays are used to cut the
cake off the bowl walls in either the cake wash or slurry removal operations.
The case sprays can be used to flush off the outside of the bowl and the inside
of the case.

F-2EPDis a pump system consisting of a 55-gallon head tank and a high

pressure (3d lbs./sq.in.) positive displacement pump used to cut the lanthanum
hydroxide cake from the two lower baffled sections from the Metathesis Centri-

fuges F-2 of F-22.

Steam Condensate System

The sanitary water originally provided as process water proved to contain
too many didsolved materials (such as calcium and magnesium) to permit the
isolation of satisfactorily pure product in the Isolation Building without extra
processing. _It was found that relatively pure water (approximately 1 part per
million of calcium) could be obtained by condensing process steam.

The facilities provided for condensing process steam include a two-pass
condenser oprating on 15 lbs./sq.in. steam. Approximately 1500 lbs./hr. of
condensate dan be produced at an exit temperature of less than 100 OF. A
20,000-galloh wooden storage tank is located on theroof of the building. The
condensate is lifted to the storage tank by the steam pressure in the system
and is fed to the scale tanks by gravity flow. Autcmatic control of the con-
denser by the liquid level in the storage tank is provided.

Samplers

The construction and operation of the samplersi-is essentially as described
in Chapter V. At T Plant, only the deep well tanks, C-7 and C-4, are provided
with air lifts. At U and B Plants, all the samplers in Cells A to E are pro-
vided with air lifts. The T and U Plant sampler cu-ps are fitted with angle-
entry inlets, to furnish maximum mixing of the cup contents during circulation.
At B Plant, a simple baffle plate in front of the cup inlet is provided to
accomplish the same function.

In Cells A to E, the samplers are placed in wall pits inside closed
rooms located on the pipe-gallery (second floor). The sampler rooms them-
selves are separated from the process equipnent area by the 12-inch concrete
wall and serve as entrances to the centrifuge platforms. Entrance to the
sampler rooiM can be made at any time, regardless of the process status within
the operating equipment areas.
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In Cell F, the samplers are located on the centrifuge balcony, inside astainless steel trough hung from the balcony rail, and are approached only
when the proper precautions have been taken, such as the wearing of masks and
special clothing.

The snwling pipettes used in the Concentration Building are of the
bayonet tye described in Chapter V.

DLASSIFIE
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FLOW SEET

Following this page is given the process flow sheets of the operations
carried out in the Concentration Building.

OPEHATING LOG FCRMS

At the end of this appendix is given a coplete set of Operating Log
Forms which constitute the deta;led operating instructions for Concentration
Bikilding operations.

DECLASSIFIED

- 735 -
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CONCENTRATION PROCESS FLOW SHEET

PRODUCT OxIDATION - BUILDING 224 aEL c

Oxidation

Receive approximately 2125 lbs. (200 gal.) of product cake solution
fro Tank 17-4, Building 221 into Tank C-4.

Make up to 2300 lbs. (220 gal.) by adding water via Scale Tank C-4B.

Add 135 lbs. (15 gal.) ot 6.5% NaBi03 - 2.5% Na2Cr207 oxidation slurry
mixture.

Agitate for 1 hour at 45 OC.

5) Cool to 35 00.

6) Jet to Precipitator A-1. DECLASSIjFIED
Solution Composition (in c-4)

lb o. I-
BiPO4
HN03
NaB 03
Na 2 Cr 20 7
H20

Total

940
43 1.73 21.8 g/1

37.5
8.8 0.35
3.-4 0.14

1495- 6o _

2490 (238 gal.)

Note:
-(a) NaBiO3 concentration at start of oiidation, it is completely

decomposed during the oxidation step.

BiP0k BY-PRODUCT PRECIPITATION - BUILDING 224 - CELL A

A. Precipitation

1) Add 800 lbs. (960 gal.) of water to A-1, start agitator, and heat
to 8o 00 with jacket and steam sparger.

2) Receive approximately 2550 lbs. (243 gal.) of oxidized solution from
Q-4 into A-i.

- 736 - e
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3) Add rapidly 165 lbs. (12.5 gal.) of H3PO 4 solution (73.5% H3PO4 -

)AdJust temperature to 75 and_-agitate for 1 hour at 75 4o.

5) Cool. to 35 OC and jet to centrifuge A-2

Slurry Co!mposition (in A-1)

lbs. M

ENo3  942 8.48 1.43
H3P04  118 t.o6 0.nU5 (a)
BiPO4 . 53 0.48 5.0 g/l (a)
Na2Cr2O7  3.4 0.031 0.0012
H20 9981 90 ---

Total 11,100 (1265 gal.)

B.Centrigation

1) Centrifuge at 870 revb/min., 110 lbs./min.

2) Recirculate three 500-lb. batches of effluent from A-3 to A-1 to A-2.

3) Skim A-2 to 10 gal. heel.

4) Md 250 lbs. (30 gal) of rater to A-1.

5) Circulate through distributor for 3 minutes.

6)- jet wash water from A-1 to A-2.

7) Skim to 10 gal. heel.

8) Add 250 lbs. (30 gal.) of water to A-2 through sprays.

9) Wash cake by slurrying A-2 three time from 0 to 110 rev./min.

10) Skim A-2 to 10 gal. heel.

11) Jet filtrate and washings to Precipitator D-1.

Filtrate Composition (in A-3)

lbs. M

ENO3  942 7.91 _ 1.32
H3P4 118 0.99 0.106
Na 2Cr 2O7 3.4 0.028 0.0011
H20 10,837 91
Total 11,8oo (1350 gal.)
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BiPO4

HN03
H20

lbs9. L

53 3.15
840 50
787 46.9

1680 (153- gal.)

M YfbLLYJfJEfl
41.5 g/2
10.5

Notes:

(a) Corrected for 9.7 lbs. of BiPO4 formed by the decomposition of

(b) This recirculation is calculated to produce a dilution of
rapproximately 100 lbs. (12 gal) to the dissolving acid.

LaPs BY-PRODUCT - BUILDING 224 - CELL D

A. Oxidation and

Process I:

Precipitation

No recycling of Isolation Superntants

.1) Receive approximately 11,900 lbs.- (1370 gal.) of oxidized filtrate
from A-3 into D-1.

2) Heat to 75 OC.

738 -f
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C. Cake Dissolution

1) Add 1400 lbs. (129 gal.) of 60% HNO3 to A-i.

2) Circulate through distributor for 10 minutes with agitator
running (b).

3) Jet 325 (30 gal.) from A-1 to A-2 and slurry cake.

4) Jet slurry from A-2 to Solution Tank A-4, with agitator running.

5) Repeat (3) and (4) twice.

6) Jet remainder of ENO from A-1 to A-2 to A-4.

7) Agitate A-4 for at least 1 hour after all ENO3 has been added.

8) Jet solution from A-4 to Waste Neutralizer C-8.

Solution Composition (in A-4)

01

0

d



- HW-10475-SEC. C

COPY NO. 6 3 SERIES C

APPENDIX

3) Add 390 lbs. (44 gal.) of 5% EMnO 4 solution. (a)

4) Agitate for 30 minutes at 75 "C.

5) Cool to 35 0.

6) Add 53 lbs. of anhydrous E' at rate of 10 lbs./min.

7) Add 220 lbs. (26 gal.) of 10% La salt (b) - 10% HN03
rate of 10 lbs./min.

solution at

8) Agitate for 1 hour at 35 OC.

9) Jet to Centrifuge D-2.

Slurry Comosition (in fl-1) P C I SF

lbs, I- M

964
118.

3.4

7.60
0.92
0.027

20 0.158
51

8.1
6

11,530

o.4o
0.059

1.26
0.099
0.0011
0.010
0.21

- 500 mg/l La
0.006

90.9
Total 12,700 (1460 gal.)

Process II: Recycling of Isolation Supernatants (9.0 lbs. of Lanthanum)

1) Receive approximately 11,900 lbs. (1370 gal.) of oxidized filtrate
frdm A-3 into D-l.

2) Heat to 75 00.

3) Rtceive the equivalent of 9.0 lbs. of lanthanum from isolation
supernatant recycles, approximately 700 lbs. (75 gal.), into D-1
from Recycle Storage Tank E-4.

4) Add 390 lbs. (44 gal.) of 5% DmnO4 solution.

5) Agitate for 30 minutes at 75 OC.

6) Cool to 35 00.

7) Add 53 lbs. of anhydrous BY at rate of 3 lbs./min.

- 739 -
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8)L Agitate for 1 hour at 35 00.

9) Jet to Centrifuge D-2.

Slurry Composition (in

lbs. _

HNO3
H3 P04
Na20r2 07
PMnO4
HF
a3

970
118

7.41
0.90

3.4 0.026
20 0.153
50 0.38
12.2 0.078

H2 0 11,918 91
Total 13,090 (1510 gal.)

D-1)

M

1.22

0.096
0.0011
0.010
0.20
720 mg/i La

B. Centrifugation

1) -Centrifuge at 1740 rev./min., 70 lbs./min.

.2) _Reduce D-2 to 870 rev./mi-n. and skim to-10-gal. heel.

3) Add 500 lbs. (60 gal.) of 6% HN 3 to f-i.

4) Circulate through distributor for 3 minutes.

5) Jet remainder of acid wash to D-2 and slurry.

6) Raise D-2 to 1740 rev./min., hold 10 minutes, reduce to 870rev. /min. and skim to 10-gal. heel.

7) Jet remainder of acid wash to D-2 and slurry.

8) Repeat (6).

9) Jet filtrate and washings for D-3 to Precipitator E-1.

Filtrate Comosition (in. D-3) ()

HNo 3
H3P04
lia80r207

lb.

994
118 -

3.4
20 0.15
51 0.38

7.35
0.87
0.025

M4N0 3  6 o.o44
(20 12,308 91.1
Total 13,500 (1550 gal.)

- 740 -
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0. Cake Removal

1) Slurry cake from D-2 with 2000 lbs. (240 gal.) of water, added via
bowl sprays and jetted continuously to D-4.

2) _ Add 250 lbs. (30 gal.) of water to D-2, slurry from 0 to 110
rev. Fmin. and jet to D-4.

3) Repeat (2) twice.

4) Add 300 lbs. of water (36 gal.) to D-2 via bowl sprays, jetting
continuously to D-A.

5) Jet by-product waste slurry from D-A to Waste Neutralizer 0-8.

Waste Slurry Composition (in D-4) (c)

M

La 3  8.1 0.25 1860 mg/l La (a)
no 3  trace
EF .trace
MnO2  present
Ho 3193 99.8
Total 3200 (384 gal.)

Notes;
a(a) The 5% KMnO4 reagent solution is prepared by heating to 75 O

to- hasten its solution.

(b) La(NO3)3 - 2NM40 3 - 4 H2o.

7(c) Calculated for regular process with no recycling.

(d) Calculated for no decomposition of_ the EnaO, which does take
place to an unknown extent to contribute Mn02 to the by-product
cake.

(e) If a 9.0 lb. lanthanum recycle is used, the waste slurry will
contain 12.2 lbs. of Lae3 .-

Lat PRODUCT PRECIPITATION - BUILDING 224 -cELL E

A. Reduction and Initial Precipitation

1) Receive approximately 13,700 lbs. (1575 gal.) of oxidized filtrate
frokfD-3 into E-1.

- 41-
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2) Adjust temperature to 35 OC.

3) Ad 1435 lbs. (170 gal.) of 9.6fx 20 204' 20 solution. (a)

4) Agitate for 1 hour at 35 00.

5) Add 120 lbs. of anhydrous BF at rate of 10 ibe./min.

6) Add 500 lbs. (59 gal.) of 1.5% La salt -_ % ENO3 solution at rate
of 25 lbs./min. (b)

7) Agitate for 1 hour at 35 0.-

8) jet to Centrifuge E-2.

Slurry Coposition (in E-1)

lbs.

DMCSSIrIED
M

EN0
3

H3? 04
NaNO3
KNO-
Cr(0 33
HIP
LaF _

H 204 .20
Mr(NO3)2
NH4N03

970
118
--2.2
12.5

5.5
170

2.72
98
23
8

14,440

-6.10

0.745
S.o4 -

0.079-
- 0.035
1.07
0.016

-0.62
0.145--
0.050

90.9- -

1.02
0.08

0.565
133 mg/i La
0.051
0.008

Total 15,850 (1810 gal.

B. First Centrifugation and Final Precipitation

1) dentrifuge at 1750 rev./min. 70 lbs./min.

2) Reduce E-2 to 870 rev./min. and skim to 10-gal. heel.

3) Jet filtrate from E-3 to E-1. -

4) Add 500 lbs. (59 gal.) of 1.5% 1& salt 1% HNO3 solution at rate

f 25 lbs./min. (b)

5) Agitate for 1 hour at 35 0.

6) et to Centrifuge E-2.

- 742 -
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Slurry Composition (in E-1)

lbs. I-

HNO3
H3 P04
INaNO3
KNO
Cr(403) 3
EF
LaF3

H20204'2H2 0
im(N3) P--
NH4NO3
H20

975
118

2.2
12.5

5.5
169

2.72
98
25
8

15,486

5.76
0.697
0.013
0.074
0.033-
1.00
0.015
0.58
0.136
0.047

91.5

Total 16,900 (1930 gal.)

0. Final Centrifugation

0.96
0.075

0.525
125 mg/i La
0.o48
0.008

DECLISSIFIED
1) Centrifuge at 1740 rev./min. 70 lbs./min.

2) Reduce E-2 to 870 rev./min. and-skim to 10-gal. heel.

3) Add 500 lbs. (60 gal.) of q0 rio 3 toE-4.

4) Circulate acid wash through distributor for 3 minutes.

5) -Raise E-2 to 1740 rev./min. and jet acid wash from E-1 to E-2.

6) Beduce E-2 to 870 rev./min. and skim to 10-gal. heel.

7) Proceed with E-2 cake removal to F-1 (see Part D).

8) 'Jet waste filtrate and washings from E-3 to C-8.

Filtrate Composition (in E-3)

NO 3
H3204
NaNO

3
IKNO
Cr( 03)3
BF
H2C204.2H20
Mn(N03)2

MN03E20

lbs.

1005

2.2
12.5

5.5
169

98
23

8
16,459

5.62E
0.660
0.012
0.070
0.031
0.945
0.55
0.130
0.o45

92.0--

'M

0.93
0.070

0.492
0.045
0.008

Total 17,900 (2006 gal.)

- 743 -
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D. Cake Removal

1) Slurry cake from E-2 with 700 lba. (84 gal.) of water, added via
<bowl sprays and jetted continuously to F-1.

2) Add 361 lbs. (29 gal.) of hot (60-850C) 50% KOH to E-2, slurry from
0 to 110 rev./min., and jet to F-i.

3) Repeat (2).

4) Add 500 lbs. (60 gal.) of water to E-2-via bowl sprays, jetting
continuously to F-1, making total weight in F-1 up to 2400 lbs.

Notes:

(a) The 9.6% H20204 - H20 solution is prepared by heating to 65 0
to increase its solubility.

01

(b) La(NO3 )3 . 2 NH4N03 * 4H20.

OELASSiFIEI
KOH METATHESIS - BUILDING 224 -_ CELL F

A. letathesis

1) Receive approximately 2400 lbs. (250 gal.) of LaF3 - KOH slurry
from E-2 into F-1.

2) Heat to 80 00 and agitate for 90 minutes.

3) Pool to 35 .

4) Jet to Centrifuge F-2.

Slurry Composition (in F-1)

lbs. M

La(OH)
3

KOH
KF
H2 0

5.43 0.21
362

5.05
2028

15.0
0.22--

84.6

1920 mg/i La
3.07
0. 04i

Total 2400 (252 gal.)

B. First Centrifugation

1) Centrifuge in F-2 at 1800 rev./min. at rate
with effluent running to Catch Tank F-9.

of 12-15 lbs./min.,

- 744 -
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2) Skim F-2 to 5-gal. heel.

3) Jet effluent from F-9 to F-7 to Waste Neutralizer C-8.

Solution Composition (in F-7)

KOH
EF

H20

lbs.

356
4.9

2099

14.5
0.2 0

85.3

M

2.90
0.039

Total 2460 (263 gal.)

C. Cake Removal and Wash DECLASSIFIED
1) Slurry cake from F-2 to F-1 with 450 lbs. (54 gal. ) of water added

via low pressure (70 lbs./sq.in.) bowl sprays, jetting continuously
to F-l.

2)- Repeat (1) with 450 lbs. (54 gal.) of water added via high pressure,
(300 lbs./sqgin.) bowl sprays.

3) Make F-1 weight up to 1600 lbs.- (192 gal.) by adding water to F-2
via low pressure sprays and jetting continuously to F-1.

4) Add 250 lbs. (26 gal.) of 17% KOH solution.

5) Make F-1 w6ight up to 2100 lbs. (247 gal.) by adding water.

6) Adjust F-1 temperature to 35 OC and agitate for 1 hour.

7) Jet to Centrifuge F-2.

Slurry Composition (in F-1)

lbs. _-- M

5.43 0.24-
42.5

2052 -
2.03

97.8_

1960 mg/i La
0.37

2100 (247 gal.)

D. Wash Centrifugation

1) Centrifuge in F-2 at 1800 rev./min. at rate
effluent running to Catch Tank F-9.

2). Skim F-2 to 3-gal. heel.

of 25 lbs./min., with

- 7145 -
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il1

3) J.1et effluent from F-9 to F-7 to Waste Neutralizer C-8.

Solution Composition (in F-9)

lbs. 4-
ICOH 41.9 1.907
H2O 2158 98.1

Total 2200 (259 gal)

E. Cake Dssolution

1) Add 24 lbs. (2.1 gal.) of 60% N103 to i-2.(a

M

0.35

IICLSIFF
2) Slurry F-2 from 0to 160 rev./min. for 30 minutes.

3) Cut cake from F-2 bowl wall with plows -

4) Rotate F-2 at 100 rev./min. for 30 minutes with plows three-fourths

5) [Jet from F-2 to Receiving Tank F-10.

6) -Add sufficient water to F-2 to make F-i0 final weight 72 lbs. and
slurry from 0 to 160 rev./min.

7) Jet wash water from F-2 to-F-10.

8) Flush F-2 bowl back to F-1 with-100 lba-_. (12 gal.) of water, added
via bowl sprays.

9) Drop F-10 solution into container and transfer to Building 231.

Solution Composition (- -F-10)

-lbs.

La (NO 3 ) 3
HN0 3
KNO

3
Pu(NO3 ) 4
H20

Total

9.35
7.64
1.07
1.35

52.7

M

12.21
io.6 5

66 g/l La
2.0

1.49 0.175
1.88 10.9 g/l Pu (b)

74.0

72 (7.3 gal.)

Notes:

(a) The amount of 60% HNO3 needed for cake solution may vary
slightly due to variation in the total alkalinity of the
F-2 heel.

(b) Based of the processing of 300 g. Of product/charge.

- 746 -
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HW-10475-C
CONCENTRATION OPERATIONS

Date
Run No.

I- PHOSPHATE BY-PRODUCT OXIDATION

I. Beckman on b-4

2. Obtain supervisor's approval to
receive product cake solution
from Building 221.

3. start c-4 agitator

4. Receive product cake solution
(Approx. 2200 lbs.) from tank
17-4 in Bld 221 following
notification by the 221 Bldg.
dispatcher.-

5. When C-4 Wt btr. stops rising,
stop 0-4 agitator, read Wt.Ftr.
when constait, and notify Bldg.
221 dispatcher of weight received.

6. Start agitator in 0-.4

7. Beckmanon -4

8. With supervisor's approval make
C-4 up to total weight of 2300 lbs,
by adding water to C-4 via weigh
tank C-4B. -Agitate C-4 for 10 min,

9. Stop C-A agitator and read Wt.Ftr.
and Sp.Gr. Mhen constant.

10, Start C-4 agitator.

11. When supervisor approves, adjust
C-4 temperature to 4500. (Notify
Cell A to start Items I through 3,
P. 7-3) -

12. Make up 135 lbs .oftcompound
oxidizing mixture in C-4-B.

a. Add 120 lbs. water
b. Turn on agitator..
c. Add 4 lbs sodium dichromate
d. Add 11 lbs sodium bismuthate
e. Agitate 10 minutes
f. Take jample to lab for

approval
g. Leave agitator on until

slurr has been added to 0-4.

7.21 BO/45 -- 747

Meter Factor

-Approved by Time_ _ -
Supervisor

C-4 agitator on _ __

Time received

DECLASSIFIED
C-4 agitator off
C -4 Wt. Ftr. L_ bs.
Time 221 Distpr called

0-4 agitator on

- Meter Factor

Lbs. water added

0-4 agitator off
C-4 Wt.Ftr. Lbs._ _
C-4 Sp.Gr. Temp.

C-4. agitator on--.

Time OX to proceed_ _

Time 4500-.

Lbs, water add Time
Time agitator
Lbs. sodium dichromate addTime
Lbs sodium biemuthate addTinn_
Lbs Total
Time sampled
Sampled by
Time OK'd by lab

a

b

i - I



HW- 10475-C
CONCENITRATION OPERATIONS

DATE
Run No.

I - PHOSPHATE VY-PRODUCT OXIDATION (cont'd)

13. Add the oxidation mixture to
c-4 wliLe agitating C-4B

14. Flush C-4B to C-4 with approx,
50 lbs. water by leaving C-4B to
C-4 line open and adding suooessiv
portions of water to flush solid.
from bottom of C-43 tank.

15. Agitate c 4 for 1 hr. holding the
temper ture at 400. DO NOT
ExceED 450o

16. 6ool a 4 to 3500. (Start items
4 through 6 page 7.3).

17. Beckman on C-4.

18. Stop C agitator and read Wt.
Ftr. and Sp.Gr. when constant.

19. Start C-4 agitator

20. Jet 0 11to A 1, upon supervisor's
approval.

21. When C Wt.Ftr. pen reaches
0.2 stop C-4 agitator.

Lbs. add. Time

Lbs. add Time

Time start Time end

Time 3500

Meter Factor

C-4 agitator off

c-4 Wt.Ftr. Lbs.

0-4 Sp. Gr; Temp,

C-4 agitator on

17-4-P Assay .__T.0C

Approved by Time
supervisor

Time jet on

C-4 agitator off

22. When jet gasses, stop jet.

23. Beckmani on c-4

Time jet off

Meter Factor

DECLASSIFIED

7.2- R 10/45 -748 ..
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HW-10475-C
cONCENTRATIO-F-OPERATIONS

Date Run No.

II - PHOSPHATE BY-PRODUCT PRECIPITATION

1. Beckman on A-i

2. Start Al Agitator.

3. Add 8000 lbs of water to A-1 via
weigh 6ink A-iA in three portions

4. Use jacket steam and steam 0
epargeteto bring A-1 temp to 80 0

5. Stop A-l steam sparger

6. Hold water at 8000 until step 9 is
started.

7. Five minutes before receiving C-4-0
solufion (item 9), stop A-1 agitator
and read Wt.Ftr. when constant.

8. Start AL7 agitator.

9. Reoeive approx. 2500 lbs of oxidized
solutibn from 0-4 into A-1.

10. Stop A,1 agitator and read Wt.Ftr.
when reading is constant.

11. Start A-1 agitator.

12, Obtain supervisor's approval that
0-4-0 Solution has 'been completely
transferred to A-1.

13. Beckmaii on A-1

14. Add. 165 lbs of 75% Phosphoric Acid
rapidly to A-1 via weight tank A-.B
(Line F)

Meter Factor

A-1 agitator on

Lbs 1st port. Time
Lbs 2nd port. .. Time
Lbe 3rd port. Time --
Lbs total

Steem on Time 800C

A-1 sparjer off

A-1 agitator off
A-1 Wt.Ftr. Lbs.

A-1 agitator on

Time received

A-1 agitator off
A 1 Wt .-Ftr , Lbs .
A_-l Sp.Gr. Temp.
Lbs received into A-i from C.4
(item 1 minus item 7)

A-i agitator on -

Approved by
Supervisor

Time

Meter Factor

Time add Lbs

15. Flush A:-B to A-1 with 50 lbs ofwatr. Time add Lbs add

16. Adjust A-i temperature to 750Q

17. Agitate A-1 for 1 hr. at 7500.

18. Cool A1 to 350. and stop cooling
water.

7.3 n 10/45- - 749 -

Time 75C

Time start Time end

Time start - Time 3500

-S
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aDate

Run No.

III-PHOSPATE BY-PRODUCT CENTRIFUGING

1.

2.

3.

4.

5.

Bring A-2 to 870 RPM

Beckman on A-2

Beckman on A -3

Start A-3§air sparger

Transfer slurry from A-1 to A-2
at the rate of 210 lbs per min.
Check the transfer rate at 30
minute intervals, recording data
in table.-

6. When the Wt.Ftr. pen on A-1
reaches 0.2, stop the agitator.

7. Just as jet from A 1 to A-2 first
gasses, ini&cating A-1 is empty
(dg not shiut off jet), jet from
A-3 to A-1 for 30 sec. and empty
A-2 again. _Repeat this operation
two more tmes to flush out A-1.

8. When the jet from A-i to A-2
gasses, raise jet steam pressure
to full. Stop jet whin A-2
ammeter and tachometer and jet
Thermohm indicate A-1 is empty.

9. Five minutes after item 8, skim
A-2 to a 10 gal. heel.

10. Add 250 ib? of water to A-1 via
weight tank A lB.

11. Circulate through A-1 distribu-
tor at 50 -si for 3 min. with
cooling water on Jacket

12, Stop A-1 cooling water

R 10/45

HW-10475-C
CONCENTRATION OPERATIONS

Time 870 RPM

Meter -Factor

Meter _ Factor - -

A-3 sparger on
Jet

Time Press A-3 Wt. Lbs./min,
0

0- --

A l agitator off-

Time jet gasses

Time 1st flush

Time. 2nd flush
Time 3rd flush

Time full pressure_

Time jet off

Time end skimming

Lbs added Time

Time start - Time end:

P.,.. -

A I water off'_

- 750 -

a

7.4

-

-
- ---



HW- 10475-C

Date
Run No.

IlI - PHOSP BY-PRODUCT CENTRIFUGING (Conttd)

13. Jet wash water from A-1 to A-2 at
full jet pressure. Stop jet when
A-2 ammeter and tachometer and
jet Thermohm indicate A-1 empty.

14. Five minutes after item 13, skim
k-2 to 10 gal. heel.

15. Plug A-2 to 10 RPM.

16. 'th A-2 at 10 RPM add 250 lbs.
6± water via A-2-D at 70 psi or __
more. Use bowl spray.

17. Bring A-2 to 110 RPM and hold
2 min. Plug to a stop. Repeat
twice.

18. Bring A-2 to 870 RPM, hold 5 min.,
and skim to a 10 gal. heel.

19. Stop A-3 sparger and read Wt.Ftr.
and Sp.Gr. when constant.

20. tart A-3 air sparger.

21. Beckman on A-2 and A-3

Note: If A-3 cannot be jetted to D-1
at this point, proceed with A-2
cake removal, page 7.6.

22. With supervisor's approval, jet
A-3 to D-1 (Item 1 through
7 on p. 7.6 may be started
while jetting.)

23. When A-3 Wt.Ftr. pen reaches 0.3,
stop A-3 sparger.

24. When jet--gasses, stop jet.

25. Beckman on A-1, A-2 and A-3.

CONCENTRATION OPERATIONS

DECLASSIFIED
Time jet on
Time jet off

Time end

Time 10 RPM

Time add Lbs. added_
Pressure

Time first slurrying
Time second
Time third

Time start Time end

A-3 sparger off
A-3 Wt-Ftr. Lbs.
A-3 Sp.Gr. Temp.

A-:3 sparger on

A-2 Meter Factor
A-3 Meter Factor

Time OK to proceed
Time start jet

A-3 sparger off

Time stop jet

A-1 Meter Factor

A-2 Meter Factor

A-3 Meter Factor

W,10/45 - 751 -7.5



HW-10475-C
CONCENTRATION OPERATIONS

Date
Run No.

IV - PHOSPHATE l-PRODUCT OAK REMOVAL DECLASSIFIED
1. Beckmanon A-4 Meter Factor

2. Plug A- to stop and. take Time stop
Wt. Ftr. reading. A-2 Wt.Ftr. - Lbs. _

3. Jet slifry from A 2 to A-4, until Time end
A -2 manometer reaches minimum. A-2 Wt.Ftr. Lbs.

4. Start A1 agitator A-1 agitator on

5. Add 1,4? lbs. of 60% Nitric Acid Time add Lbs add
to A-1 yia weigh tank A-JA (line A)

6. Start ogoling water and. circulate Time start Time end
through A-1 distributor at 50 psi psi end
for 10 min. Hold temperature below A-i Max. Temp..-
4Ln%

7. Stop A-1 agitator and cooling water

Jet 325 Abe. from A-l to A-2

Bring A-2 to 1G RPM. Hold 2 min.
Plug to stop. Repeat twice.

10. Start A 4 agitator and cooling
water.

11. With A-2,stopped, jet A-2 to A-4.

12. Jet 325 lbs. from A-1 to A-2

13. Bring A-2 to 110 RPM. Hold 2 min.
Plug to stop. Repeat twice.

14. With A-2stopped, jet

15. Jet 325 lbs. from A 1

A-2 to A-4

to A-2.

A-4 agitator off

A-1 water off

A-2 Wt.Ftr. Lbs.

Time first-slurrying

Time second

Time third

A-4 agitator on
A-4 water on-

Time jet

A-2 Wt. Ftr. Lbs.

Time first slurrying
Time second
Time third'

Time jet

A-2 Wt.Ftr Lbs., _

752 -

8.

9.

ow

B 10/457.-6
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Date
Run No.

IV - PHOSPHATE B-PROIUaO OAIl REMOVAL (Conted)

16. Bring A-2 t - 110 RPM *Hld 2 min.
Plug to a stop. 'Repeat tvice

17. With A 2 stopped, jet A-2 to A-4

HW-10475-C

CONCENTRATION OPEATIONS

DECLASSIFIED
Time first slurrying

Time second

Time thir.

Time jet

(Note: Hold A-4 temperature at 40-50G
uring items 18 through 26).

18. Jet the remaining acid from A-1 to A-2 Wt.Ftr. Lbs. -
A-2 ai full jet pressure. As A-'
weight exoeeds 400 lbs., jet the A-1 jet pressure
excest adid above 400 lbs. directly
from A 4 to A.4.

19, Bring A-2 to 110 RPM. Hold 2 min. Time first slurrying
Plug to stop. Repeat twice.

Tiae aecon_ _ _

Time third

20. With A 2 stopped, jet A-2 to A-4.

21. Beckman on A-2. -

22, Note: If Beckman reading is hightr-
-han limit, add two 250 lb.
portions of 60% nitric acid
to A-2 via A-20. Repeat items
,19 and 20 after each acid
addition. Notify Cell C
supervisor that extra acid
has been used in A-2 cake
temoval. (Approx. 500 lbs.)

23. Agitate A-4 for I hour at 40-5000.

24. Beckman on A,4.

Time jet

Meter _ _ Factor

A-2 Beckman limit 20 X1014

Total lbs. extra nitric acid

Final A-2 Beckman Meter X10

Time start Time end
Max, Temp. Min. Temp.

Meter Factor

7.7 R 10/43

4-

, l
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HW-10475-Ca0tJCREATION OPERATIONS

Date
Run No

IV - PHOSPHATE BY-PRODUOT CAKE REMOVAL (Cont'd:)

25. Stop A 4 agitator and read Wt. A-4 Agitator offFtr. and Sp.Gr. when constant.
A-4 Wt. Ftr. Lbs.

A-4 Sp.Gr. Temp.
26. Start A-4 agitator. A-4 agitator on

27. Start !ull A-4 cooling water. A-4 water on

28. Take sahple A-4 BP. Time sampled

29. Stop A-4 cooling water when A-4 water offtemperature reaches minimum

30. With supervisvr's approval, jet
A-h to c-8.

31. When AA Wt. Ftr. pen reaches
0.2 stop A-4 agitator.

.n 1
32. -WhoE jet gasses, stop jet.

33. Beckman on A-4.

Time OK to proceed

Time start jet

A-4 agitator off

Time stop.jet

Meter Factor

R 10/45
- 754 -

a

b,

-V

-

PI

7.8

0



S HW-10475-C
.CONOEN TRATION OPERATIONS

Date
Pun No.

E-4 RECYCLE RECORD

DECLASS IFIE
-&,-4 sAMPhTMO

TEM SYMBOL FORCALCULATION UNIT9

. E-4 Wtj.r. * *

2. Total Weight W Tbs.

3. E-4 Specific Gravity S*

4. Time E.4h0_sampled .* .

B. LANTaNt IVENTORy

1. LanthanU nAssa *g*l* * 2/
2. Total Wt, of la in -4 M M:: V) a) X10- Lbs.
3. Calo. Wt.,of Solution R P::9.0 x-W

to jet to D-1 (See note) M Lbs

Note: Itfthe jetting of 9.0 lbs. of lanthanum from E-4 will exceedthe product limit in D-1, tailor between 6.0 and 0.9 lbs.(Formula B-3) as required.

a. E-4 INVENTORY AFTER JETTING TO D-1

1, Time Jetted tonD- *D-1* .*. * .

2. 4 Wt. Ftr. After *** * * *Jetting.

3. Total Wt, Remaining Z * ** * *Lbs.
in E-4

Lbs.
4. Net Wt.- Jetted to D-1 PC PC : W.. Lbs.

Signed by:
Supervisor

8'0 R 10/45 - 755 -
I C -,W

01

I

-



a
HW- 10475-C

00NCENTRATION OPERATIONS

Date
Run No.

Note. Pages 8.1 -nd 8.2 to be used instead of
pages 8,1A and 8.2A when no recycle is added.

I - FLUORIDE BY4PODUCT OXIDATION AND PRECIPITATION DECLASS IFIrD
1. Beckman on Dl1

2. Start D-i agitator,

3. Receive &pproximately 12,000 lbs of
solution from A-3 into D-1. Start
jacket steam to bting D-1 temp. to
75 0 while receiving solution.
(Proceed with item 6 while items 3
and 4 inprogress.)

4. Finish adjusting D-1 to 75 0

5. Beckman on D-1

6. Make up 390 lbs of 5% pctassium
permangaate in D i-B _
a. Add 35 lbs of water
b. Start agitgtor
c. Heatto 40-0 with steam

Sparger
6. Over 10 to 15 minutes add 20 lbs

of potassium permanganate_-
e. Continue heating and agitate

for 30 minutes or until solution
is complete. DO NOT EXCEED 7500.

f. Add water to make 390 lb total.

8. Take sample to lab for approval

7. With supervisor's approval, add the
5% permanganate solution from D-lB
to D-1.

8. Flush D-lB to D-1 with 50 lbs of
water.

9. Agitate D-1 for 30 min. at 7500

10. Cool D-1 to 3500. (Proceed with
item 14, p. 8.2 while item 10 is
in progress).

8.1 n 10/45 - 756 -

Meter Factor

D-1 agitatpr on - --

Time start jetting

Time steam on

Time end 3etting_-

Time 7500

Meter Factor

Lbs water add W Time .
Time agitator on
Time 4o0 o.

Time start_
Lbs add
Time end

Time end-

Lbs water add_ .
Lbs total_-
Sampled by
Time OK'd by lab

Time O to proceed

Lb- add 'Pime_

Lbs add . Time

Time start Time end

Time start Time 350

F-

Sm-



'mA HW-10475-C

CONCENTRATION OPERATIONS

Date
Run No. -

: - FLUORIDE BY.PaODUCT OXIDATION AND, PRECIPITATION (aont) t d)

11. StoP DI- agitator and read Wt. Ftr. D-1 ggitator off
and Sp. Or. when constant. D-1 W.Ftr._' L _ _

D-1 Sp. Gr. Temp.

12, Start D-1 agitator D-1 Agitator on- - ---

13. Add 531 a of hydrofluoAc acid to Time start Time end__D-1 via D-lY at approx. 10 lbs/min.
BlOwthe line with air for 5 min. Lbs start Lbs endfollowing the acid addition.

. Lbs add_

Time line blown

14. Make up 221 lbs Of approximately 10%
Lanthanum salt solution in -14l
a. Add_160 lbs of water
b. Stait agitator
a. Add 7 lbs of 60% nitric

aci. (Line A)
d. Add 25 lbs Lanthanum salt

e. Agitate until dissolved
f. Take sample to lab for approval

15. Add the above 10% lanthanum salt
solution to D.. at 10 lbs per min.

16. Flush D 1B to D-1 with 100 lbs of
water.

17. Agitate --1 for one hour at 3500
DO NOT BXCEE 3500
(Proceed with item 10, page 8.3)

18, Beckman on D-1-

Lbs water add Time
Time agitator on
Lbs nitric addod_
Time added
Lbs lanthanum salt addedtjime_
Lbs total
Time end
Sampled by
Time OIC'd by lab

Time start Time end

Lbs add

Lbs added Time added

Time start Time end_-

Meter Factor

- 7578.2 R 10/45



a HW-10475-C -

CONCENTRATION OPERATIONS

Date
Run No.

Note: Pages 8;1A and 8.2A to be used instead of
pages 8.1 and 8.2 when recycle is added,

I - FLUORIDE nY-PRODUT (PRODUCTION RUN RECYCLE) OXIDATION AND PRECIPITATION

1. Beckman on D-i Meter

2. Start D l agitator

3. Receive-approx. 12,000 lbs of solu-
tion from A-3 into Dl-. Start
jacket steam to bring D-1 temp. to
750 while receiving solution.
(Proceed with item 7 while items 3,
4, and in progress).

4. With supervisor's approval, receive
recycle solution into D-1 from E-k
Note: Care must be taken to receive
as closely as possible the amount
calculated by supervisor.

5. Finish eidjusting D-1 to 7500.

6. Beckmanon D-1

7. Make up 390 lbs of 5% potassium
permanganate in D-1 B.
a. Add 315 lbs of water
b. Start agitator
o. Heat to 4000 with steam sparger
d. Over 10 to 15 minutes add 20

lbs of potassium permanganate
0. Continue heating and agitate 30

minutes or until solution is
complete. DO NOT EXCEED 7500.,

f. Add Water to make 390 lb total

g. Take sample to lab for approval.

8. With sup rvisor's approval,-add the
5% permagnanate solution from D-13
to D-1 -

9. Flush D-lB to D I with 50 lbs off
water,

10. Agitate fl- for 30 min. at 7500.

11. Cool D-l to 3500 .

D-1 agitator on

Time start jetting_-

Time steam on

Time end jetting

Time OK to proceed
Time received

Time 7500

Meter Factor _ _

Lbs water add Time
Time agitator on
Time 4000t
Time start Time end
Lbs add
Time end

Lbs water add Time
Lbs total-~
Sampled by
Time OK'd by lab

Time OK to proceed

Lbs. add Time

Lbs add Time

Time start ,fTime end__

Time start Time 3500

8.lA R 10/45 -A- 758 .

DECLSSFID

K-

Factor



HW-10475-C

CONCENTRATION OPERATIONS

Date
Run No.

I - FLUORIDE BY -PRODUC T OXIDATION AND FREOIPITATION (Cont'd)

12. Stnn D-1 a itator ,nd d t t'10 re . r.
and Sp-. Gr. when constant/

Jj-. agitator oj

D-. Wt. Ftr. Lbs.

D -1 Sp. Gr.

13, start D-1 agitator

14. Add 53 lbs hydrofluoric acid to
D-1 via D-1-Y at the rate of
3 lbs per minute. Blow the line
with air for 5 minutes following
the acid addition.

15. Agitat D-1 for one hour at 350
DO NOT EXCEED 3500.
(Frooeed with itom 10, page 8.3)

Beckman on D-1

- Temp.

D-1 agitator on

Time start Time and

Lbs start Lbs end

Lbs add

Time line blown

Time start Time end

Meter Factor_ _

R 10/45 759

CLASS/FIED

R.A

am



U-
Date.
Run o.LUDE_______

II - FLUORIflE £BY-PRODUI' CENTRIFUGING

1. Bring-t -2 to 1740 RPM

2,

3.

Beclanan on D-2

Boolknn on D-S

4. Start fl-3 cooling water and air
spargrer.

5. Trand-fer slurry from D-1 to b-2 at
the rite of 70 lbs per min. Check
the transfer rate at 30 minute
intervals, recording data in table.
(Notify Cell 2 operator to start
item , page 8,7, while oentrifugin

6. Stop Dl-I agitator when Wt.Ftr.
pen reaches 0.2.

7. Just -a jet from D-1 to D-2 first
gassea, raise jet steam pressure to
full. Stop jet when D-2 ammeter
and jet Thermohm indicate D-1 is:
empty.

8- Slow ti-2 to 870 RPM; plug to 650
RPM and inch.

9. Five min. after completing item 8,
skim to 10 gal. Leave D-2 at 870
RPM

10. Make p 500 lbs of 6% nitric acid
in D-i-B
a. add 450 lbs of water
b. Start agitator
a. Add 50 lbs of 60% nitric acid

(Line A)
d. Take sample to lab for approval

11. Add the 500 lbs of 6% nitric acid
to D-1 via D 1B

11A Bring-D-2 to 1740 RPM

12; Circulate thru D-1 distributor at.,
50 psi for 3 min. with cooling
water on Jacket,

13. Stop D-1 cooling water.

8.3 R 10/45

HW-10475-C

CONCENTRATION OPERATIONS

DECLASSIFIED
Time 1740 RPM

Meter Factor

Meter Fadtor -

D-3 water on
D -3 spa-rger on

Jet
Time Press D-3 lt. Lbs jninj

0

D-1 agitator off__

Time jet gasses_-
Time full pressure
:P. S. I,
Time stqp jet

Time 870 RPM
Time 650 RPM
Time end

Lbs water added Timo
Time agitator on_
Lbs nitric added-, Timo_
Sampled by - Lbs total
Time OKC'd by lab

Time add Lbs add

Time 17o RPM,

Time start _ Time end
P. q. I7

D-1 water off
- 766 -



Date
Run No.

II - FLUORIDE ay-PRODUOT OE\TRITFGING (Cont'd -

14. WithD 2 at 170 RPM, jet all
of nitric wash from D-i to D-2
at full Jet pressure,

15. SlowD-2 to 870 RPM; plug to 650
RPM and inch.

16. Five min. after oomplpting item
15, skim D-2 to 10 gal. Leave
.D2 -a 870 RPM.

17, Stop~D-3 sparger and read Sp.Gr.
and Wt .Ftr. when constant.

18. Start D-3 air sparger

19. Beckman on D 2 and D-3

20. Obtain supervisor's approval
thatD-3 :Beckman reading is
satifactory

21. Stop D 3 cooling water when
temperature falls to a minimum
if 3 to E-1 movement is held up.

NOTE- If D-3 can not be jetted to
E 1 at this point proceed with
Df- cake removal, page 8.5.

22. with supervisor's approval,
jet b--3 to E-l

23-. When D-3 Wt.Ftr. penlreaches 0.2,
stoi D-3 sparger.

24. When jet from D-3 to.Z 1 gasses,
shut it off.

25. StopfD-3 cooling water, if
still on.

26. Beckman on D-1 and D-3

8.4 R 10/45 - 761 -

HW-10475-C
OONCENTRATION OPERATIONS

DECLASSIFIED
Time stat Time end

Jet pressure

Time 870-RPM
Time 65Q RPM
Time end __

Time spargor off
Wt.Ftr. Lbs.
Sp.Gr. Temp.
Time sparger on

D-2 Meter Factor

fl-J Meter Factor______

D-3 Beckman limit
(Less than 1/.5of item 5, page-8.1
or item Z, page 8.lA)
Approved by

Supervisor

D-3 water off

D-3 Minimum tomp.

Time OK to proceed
Time start

Time

D-3 sparger off

Time off-

Time water off

D-1 Meter Factor
D-3 Meter _ Factor

a

"-4-



- - HW-10475-C

CONCEIPRATION, OPH ATIONS

Date

Il - FLUORIDE BY-PRODUCT CEITRIFUGING (Coat '&)

14. Plug D-2 to stop. D-2 stopped

15. Jet 250 lbs. from D 1 to D-2

16, Bring D-2 to 110 RPM, hold 2
min. Ilug to stop. Repeat twice.

17. Bring b-2 to 1740 RPM, hold 10
min.

18. slow 1f12 to 870 RPM; Plug to 650
RPM an inch.

19. Five minutes after completing
item 18, skim to 10 gal.

20. Plug D-2 to stop

0
21. Jet remainder of acid from D-1

to DV-at full jet pressure.
(When jet-gasses, stop jet.)

NOE: If D-2 weight should exceed
4003.bs. stop jet. Carry
out third. slurrying with
remirineder.

22. Bring D-2 to 110 RPM, hold 2
min. Plug to stop. Repeat
twice.-

23. Bring 2 to 1740 RPM, hold _10
min.

24. Slow D-2 to 870 RPM; Plug to 650
RPM arid inch.

25. Five minutes after item 24
above7 skim D-2 to 10 gals.
Leave D-2 at 870 RPM.

D.-2Wt. Ftr._
Time

Tire startC

Lbs._

Time end

Time start- Time end

Time 870 RPM
Time 650 RPM .

Time end

D-2 stopped

Df-2 Wt. Ftr. Lbs.
P.S.I,
Timo

Time start Time end

Time start _ Time end

Time 870 RPM
Time 650 RPM

Time end

8.4A R 10/45_i

17a
4' DECLASSIFIED

V

- 762- a~l



a
Date
Run No

II - FLUORIDE LY-PRODUOT CENTRIUGING (Cont'

26. Stop D-3 sparger and read Sp.Gr.
and Wt. Ftr. when constant.

27. Start D-3 air sparger.

28, Boolmnn on D-2 ad D-3.

29. Obtain supervisor's approval
that D-3 Becokman reading is
satisfactory.

30. stop fS3 cooling water when
temperature falls to a minimum
if D Tbto E 1 movement is held up

NOT.fl If D3 can not be jetted to E-.1
at this point proceed with D-2
cake removal, page 8.5.

31. With supervisor's approval, jet
D-3-toE-l.

HW-10475-C
CONCENTRATION OPERATIONS

DECLASSIPIrDd)

Time sparger off
Wt. Ftr. Lbs.
Sp. Or. Temp._

Time sparger on

D-2 Meter'Faotor_-_-

D-3 Meter Factor-

D-3 Beckman limit-
(Less than 1/5 of item 5, page 6.1
or item 67 page 8.lA)
Approved by Time

Supervisor

D-3 Water off

D-3 Minimum temp.

Time OK to procee-
Time start

32. , When D'3 Wt.Ftr. pen reaches,,
0.2, stop D-3 sparger.

33. When 3-t from D-3 to E-1 gasses,
shut it off.

34. Stop Ft3 cooling water,.
on.

35. Beckman on D-1 and D-3.

if still

D-3 sparger off

Time off

Time water off

D-1 Meter.

D- Meter Factor

R 10/45i_ - 763 -

a _

-.

Factor

8.4B

.



Date -
Run No.

III - FLUORIDE BY-PRODUCT OARE REMOVAL

1. Start D-4 agitator and cooling water.

2. Beckman on D-4

3. Plug-IY-2 to stop and read Wt.Ftr.

4. Bring D--2 to 10 RPM, start D-2 to
D 4 jet, and add approx, 2000 lbs
of water from D-2D through bowl
sprays-at not less than 70 psi.
(If D-2 manometer exceeds 3.0,
stop s9rays temporarily until
bowl is empty). Stop jet at end

5. Plug Df-2 to stop.

6. With DflZ stopped add 250 lbs of'
water from D-2D through bowl sprays.

7. Bring L 2 to 110:RPM, hold 2 min,
plug to stop. Repeat once.

8. Bring b-2 to 110 RPM and hold 2 min,
Start 1 2 to D-4 jet. Plug D-2 to
stop. When jet gasses, stop jet.

9. With D2 stopped add 250 lbs of
water from D-2D through bowl sprays

10. Bring fl-2 to 110 2PM and hold 2 min.
Plug to stop. Repeat once.

l1. Bring 4:-2 to 110 RPM and hold 2 min.
Start D-2 to D-4 jet. Plug D-2 to
stop. When jet gasses, stop jet.

12. With D e stopped add 250 lbs of'
water from D 2D through bowl sprays.

13. Bring D 2 to 110 RPM and hold 2 min.
Plug to stop. Repeat once.

HW-10475-C
D00NaCLRATI FI OPEDrNs

D-4 ag-ftator on
D-4 cooling water on

Meter Factor

D-2 stopped
-) a Wt. Ftr. Lbs.

D-2 at 10 RPM - -.-

Time start jet_ ____

Time stop jet

Pump pressure

Lbs water added

Time D-2 stopped

D-2 Wt.Ftr. Lbs.
Time add

Time first slurrying_ _ _

Time second

Time jet on
Time D-2 stopped
Time jet off

D-2 Wt Ftr. Lbs.
Time add

Time first slurrying
Time second.

Time jet on
Time D-2 stopped
Time jet off -

D-2 Wt tr..Jb5 .
Time add

Time first slurrying -
Time second

. 10/457 I - - -
7a

8.5



aDate
Run No.

III - FLUORIDE BY-PRODUC CAKE REMOVAL (Cont 'a)

14. Bring D-2 to 110 RPM and hold 2 Time
min. Start D.-2. to D-4 jet. Plug' Time
D--2 t-o stop. When jet gasses, Time
stop jet--

15. With fl-2 stopped, start D-2 to D-4 Time
jet and add. 300 lbs of water to
D-2 from D-.2D through bowl sprays PUMP
at not less than 70 psi. When Lbs
Jet gasses stop jet. Time

16. Beckman on D-2 Mete

17. e re Jems 9 D-2

through 15 once more. Notify Tota
- Cell Q, supervisor that extra
water (approximately 800 lbs) Fina
has been used in D-2 cake removal.

18. Beckman on D-4 Mete

19. Stop .-4 agitator and read Wt.Ftr. D-4
and Sp.Gr. when constant. D-4

20. StartlD 4 agitator D-4

21. Take jiample D-4 BP Time

22. Stop D-4 cooling Water D-4

23. With siupervisor a approval, jet Time
D-4 to e 8, stopping agitator
when W Ftr. pen reaches 0.2; Time

Timo

24. Just as D-4 to c-8 jet gasses Time
(heard over speaker), stop jet.

25. Beckmdn on D-4 Mete

8.6 R 10/45 -- 765 -

HW-10475-C
CONCENTRATION OPERATIONS

jet on
D-2 stopped
jet off

start jet

pressure

water add
stop jet.

r Factor

Beckman limit 20 X10

1 lTs extra water

1 D-2 Bookman Meter _Factor

r Factor

agitator off
Wt.Ftr. Lbs.
Sp.r. Temp.

agitator on

sampled

water off

OK- to proceed

start

agitator off

jet off

r Factor



--W-10475-C

-f lCONCENTRATION OPERATIONS

Date---
Run No.n

S- ELU0hIDE~ PRDUCT ED'UCTION AND FIRST PRECIPITATION

1. Beckmanron E-1

2. Start Ei agitator.

3. Receive approximately 14,000 lbs.
of filtrate from D-3 into E-1
(Startadjusting E-1 temperature to

3500 while receiving solution).

4. Beckman on H-1

5. Make uj 1435 lbs. of 9.6% oxalic
acid solution in -l-E.
a. Ad& 1180 lbs of-water
b. Start agitator
a. Add 138 lbs of oxalio acid
d, Start sparger and heat to 6500
e. Make up to 1435 lbs. with water

f. Take sample to lab for approval

6. ith 4 pervisorl' approval, add the
9.6% calio acid solution to E-1
via E-4E, while adjusting E-1 temp-
erature to 350C

7. Flush -- 1 to E -i with 100 lbs of
water.

8. Agitate E-3 for 1 hour. When 2-1
tem efature reaches 35 0, hold at

350C- (Proceed with item 9 while 8
in progress.)

9. Make up 1,000 lbs. of approximately
l-% lanthanum salt solution.
a. Ad& 967 lbs. of water.
b. Start agitator.
c. iC 17 lbs of 60% nitric

a. id (line A).
A&& Ad1 lbs-80z of ltunthanum salt.

Agitate until dissolved,
Take sample to lab for approval

10. Stop E-1 agitator and read Wt.Ftr.
and tp. Or. when constant.

11. Start B-1 agitator. -

11A Take-sample E l-R

8.7 R 10/k5 766 -

Meter Factor

Time start

Time start Time end--.---

Meter Factr--

Lbs water addedC. Time -
Time agitator on-
Lbs oxalic acid added-Time
Time sparger on Time 650C ,
Lbs wator make-up__.Lbs Total-
Sampled by
Time OS'A by lab

Time add Lbs add

Time adA Lbs add_ -

Time st rt
Time 35_ C

Time end-_

Lbs water added Time_-
Time agitator on
Lbs nitric added_ Time

Lbs lanthanum salt added-TimeO
Lbs total
Time dissolved _ _
Sampled by__
Time OK'd by lab

E-1 agitator off
B- ptgr .. eLbs . -

.-1 Sp- gr._ Temp.

E-1 agitator on

Time dampled

0-

e.
f.



HW-10475-C
CONCEWTRATION OPEATIO1V

At Date
Run No.

IV -FLUORIDE PRODUCT REDUCTION1 AND FIRST MRCIPITATION (Cont'Id)
ASS/F/to

12. Ad .120 lbs. of Hydrofluorio
Acid to E-.1 via 3 l-Y-at approx,
20 ibs/min. (Use cooling
water as necessary to main
taiz E-1 temperature at 35 C)
31oi line out with air -for 5
minutes after the acid addition.

23. Ad&500 lbs of 4 Lanthnum
salt solution to E I via E-1H
at $ lbj. per min.

14. AgiTate 1 hour at 3500. Do0
NOIEXC0ED 350C.

15. Beclman on B 1

16. Start E-1 cooling water.

Time start Time end-

Lbs start Lbs end

Lbs. added

Time line blown - -_

Time start Time end

Lbs, start Lbs end

Lbs. add_-_--

Time start 'ime end

Meter Factor

E-1 water on

a.

- 8.8 B ao/457 - 767.



Rate
Run No. -

V - FLUORIDE A0ODUOT FIRST CENTRIFUGING

I. Beckman on H 3

2. Beckman on E-2 at 30 RPM.

3. Obtain supervisor's approval
to start centrifuging

4. BringE-2 to 1740 RPM.

5. Start E-3 ooling water and air
sparger.

6. Transfer slurry from E-1 to E-2
at the rate of 70 lbs. per min.
Check the transfer rate at
30 min. intervals, recording data
in table.

7. Stop E-l agitator when Wt. Ftr.
pen feaches 0.0.

8. StopE-1 cooling water.

9. Just as jet from E-I to E-2 first
gasses, raise jet steam pressure
to full. Stop jet when E-2
ammeter and jet Thermohm indicate
B-i is empty.

10. Slow t-2 to 870 RPM; Plug to 650
RPM and inch.

11/ - Five-minutes after item 10 above,
skim E-2 to 10 -gals. Leave
E-2 At 870 RPM.

- HW-104'15-C
CONCENTRATIO' OPERATIONS

Meter DEFactor

Meter Factor

E 2 Beckman limig x :L
F-I-PS Assay, Previous Run.
Approiie by .-Tim

Supervisor

Time 1740 RPM

Water on Sparger on

i Jet
Time Press E-3 Wt. lbs2.

0 --

- agitator off

E-.1 wter off_-

Time -jet gasses

Time -full pressure,

P.S.I.

Time stop jet

Time 870 RPM --
Time 650 RPM_-

Time end

R 10/45

-

8.9 - 768 -
I .... I

mom



Date
Rua No.

VI - FLUORIDE PRO)UCT SECOND PRECIPITATION

HW-10475-C

ONCENTRATION OPERATIONS

V

1. Start E2 agitator.

2. Bockman-tn E1

3. Jet E--3-to E-1. Start adjtist-
ing E 1 temp. to 3500, while
receiving the solution. When:
X-3 WT.Ftr. pen reaches 0.2,
stop E-3 sparger.

4. when jet gasses, stop jet and E-3
cooling -water.

5. Add 500-lbs. of -14% Lanthanum
salt solution to E-1 via E-1E
at 25 Is per min. while ad-
justing E-l temperature to 350.

6. Flush ETlE to E-1 with_ 100
lbs. of water.

7. Agitate E-1 for 1 hour. When
E-1 temporature reaches 350C,
hold atfl5 00. (Proceed with
item lltPage 8.11) -

8. Start B-1 cooling water,.

9. Beckman _on E-1. '

10. Stop E-1 Agitator and read Wt
Ftr. and Sp. Gr. when constant.

E-1 agitattr on

Meter Factor

Time start et

Time stop spargor

. Time stop jet

E-3 water off

Time start Time end.

Lbs add

Time add _ _ Lbs. add - -

Time start Time end__

Time 3500

Time water on

Mbter _Factor

E-1 agitator off

E-1 Wt. Ftr. Lbs.

E -1 Sp.. Gr.

11. Start E-1 agitator.

Temp.

E-1 agitator on

DECLASSIFIED

R 10/45

|

8.10 - 769 --



a
, VII -

Date
Run No.

FLUORIDE ?fODUCT SECOND CENTRIFUGING

F--

1. BringE--2 to 1740 RPM Time 1740 RPM

2. Start -3 cooling water and air
sparger.

3. Transfer slurry from E-1 to E-2
at th& rate of 70 lbs. pe- m3in.
Check the transfer rate at 30
minut intervals, recording data
in table. (Proceed with item 1,
page 9.4, while centrifuging.)
and also item 5, page 8.130)

4. Stop agitator on E-1 when Wt. Ftr.
pen reaches 0.2.

5. Just -s jet from B-1 to E-2 first
gasses_, raise jet steam pressure
to full. Stop jet and E-1 cooling
water when E-2. ammeter and jet
Thermohm indicate E-1 is empty.

6. Slow t-2 to 870RPM; Plug to 650
RPM and inch.

7. Five m;n. after completing item 6,
skim to 10 gal. Leave E-2 at
870 RPM.

8. Stop X3 sparger and recad Sp. Gr.
and wtr. Ftr. when constant.

9. Start-3-3 air sparger

10. Take dample E3..-W

11. Make up 500 lbs. of 6% nitric acid.
in E--C.
a.Add 450 lbs.. water
b.Staft sparger
c.Ad&-slowly 50 lbs. of 60% nitric
acid. (Line A)

d.Take_ sample to lab for approval

12. Add the 500 lbs. of 6% Nitric to
E-1 via E-10

13. Bring:E-2 to 1740 RPM

.1 R 10/45 - 770 -

E-3 watet on _ Sparger

jet
Time Press E-3 Wt. lbi0

Time off

Time jet gasses.
Time full pressure

Time jet off -

Time wat'r of

Time 870-RPM
Time 650 RPM

Time end

Time sparger off
Wt. Ftr. .- __Lbs.
Sp. Or. -- __ Temp.

Time sparger on - ---

Time sampled

Lbs. water added -Time-.
Time sparger on - -
Lbs nitric acid added -Time -

Lbs. total
Sampled by
Time OK'd by lab

Time adderd - Lbs added

Time 174G1RPM

.1 M

HW-10475-C

CONCENTRATION OPERAT IONS

DECLASSED



Date
Run No.

VII - FLUORIDE PSODUOT SECOND CENTRIFUGING (CC

HW-10475-C
C0NOEN&RATION OPERATIONS

14. Oirculate through E-1 distributor
50 psi 7for 3 min. with cooling
water -n jacket.

15. Stop E i cooling water

16. With E-2 at 1740 RPM, Jet all of
nitrioa< wash from E-1 to E-2
at full jet pressure

17. Slow Et2 to 870 RPM; V
Plug to 650 RPM and inch.

18. Five minutes after item 27 above,
skim E-2 to 10 gals. Leave E-2
at 8707RPM

19. Stop E~3 sparger and read. Sp.Gr.
and Wt. Ftr. when constant..

20. Start 2-3 air sparger - -

21. Stop E-3 cooling water when
temperature reaches a minimum.

22. Beckman on E-1,E-2, and E 3.

23. With supervisor's approval, jet
waste ?rom E-3 to 0-8.

24. When E-3 Wt.Ftr. pen reads 0.2,
stop E-3 sparger.

25. When 51-3 to 0-8 jet gasses,
stop jet.

26. Beckman on E-3. Meter Factor

8.12 R 10/45 -1- 771 -

DECLASSIFIED
Time start Time end
P.S.I.

E-1 waterof-

Jet pressure

Time 870 RPM
Time 650 RPM

Timfe end

Time sparger off
Wt. Ftr. Lbs.
S%.Gr. __ Temp.

Time sparger on-

E'3 water off

Minimum temp.

E -1 Meter Factor,

B-2 Meter- Factor

E-3 Meter _ Factor.---

Time OK.to jet
Time start,

E-3 sparger off

Jet off



HW-10475-C

CONCENTRATION OPERATIONS

Date_-
Run No. DCASFE

TIII - FLUORIDE PRO UCT PRODUCT CAK DEMOSASFE
1. With suervisor t s approval; plug

E-2 to stop and read Wt. Ftr.

2. Bring E 2 to 10 RPM, start E-2 to -
F-1 jet-and add 7Q0 lbs. of water
from E-:D through bowl sprays at
not les 3 than 70 psi. (If manometer
exceeds-.0, stop sprays temporarily
until hwl is empty) Plug E-2 to
stop -

3. Stop E22 jet when E-2 is empty

4. Bockman-on E-2 at 30 RPM,.

5. Make up_722 lbs. of 50% Potassium
Hydroxide in E-A.
a.Add 297 lbs. of water -

b.Start;agitator
o.Add 4M5 lbs. of Potassium .

Hydroxide.
a.oontinue agitation until solid is

dissalved
e.Take sample to lab for approval.

6. Transfer 50% Potassium Hydroxide
from E-A to E-20 using the E-A

pump

7. With E-2 stopped, add 361 lbs. of
hot 50% Potassium Hydrcxide to
E-2 from E-2-0

8. Bring .-2 to 110 RPM and hold 2
min. Plug to stop. Repeat three
times.

9. Bring 1}52 to 110 RPM and hold 2
min. Start E-2 to F-1 jet. Plug
to stop.

10. Stop E-2 jot when E-2 is empty

11. Beckmal. on E-2 at 30 RPM.

12. With E 2 stopped, add 361 lbs.
of hot -50% Potassium Hydroxide
to E.-PIfrom £-2O

Time OK to proceed
Time E-2 ajopped___ __

E-2 Wt. ?fr._Lbs___

E-2 at IO:BPM -

Time start jet

Pump pressure_
Lbs. water added
E-2 stopped

Time stop j tt

E-2 Meter>-- Factor

K-

Lbs. water add Time
Time agitator on
Lbs Potasiium Hydroxide add
Lbs. total-
Time dissolved
Temperatuto
Sampled by
time OK'd-by lab

Time tranqferred__ ___

Lbs. Potaisium Hydroxide add
Time
Temp Potassium Hydroxide.--- -

Time first slurrying-_Time 2n&
Time 3rd.- . Time 4th

Time jot _n-
E-2 stopped

Time stopped

Meter _ Fator

Lbs Potassium Hydroxide add
Time
Temp Potassium Hydroxide _ _

8.130 R l711/47 - 772 -



HW-10475-C

CONGEDTRATION OPERATO1S

Date
Run No.

VIII - FLUORIDE PODUCT PRODUCT CAKE REMOVAL (Cont'a)

13. Bring E-2 to 110 RPM end hold 2
min. -Plug to stor. Repeat three
times.

14. BringE-2 to 110 RPM and hold 2
min. Start E-2 to F-1. jet. Plug
to stop.

15. Stop E-2 jet when E-2 is empty

16. Beckman on E-2 at 30 RPM.

17. Flush7E-2-O to E-2 with 200
lbt.. of water.

18. Bring E-2 to 11 1PM and hold 2
min. -Start E-2 to F 1 jet. Plug
to stOp.

19. Stop E-2 jet when E-2 is ompty.

20. With E-2 at 10 RPM and with the
E-2 to F-1 jet on add sufficient
water from E-2-D through the bowl
sprays to E-2 t6 F-1 to bring the
totalweight in F-1 to 2400 lbs.
(apprb>x. 500 lbs.).When jet gasses
stop -jet.

21. Becknman on E-2,at 30 RPM.

22. Obtain supervisor's approval
that R-2 Beckman reading is
satisfactory,

8,13D- R 10/45

Time first slurrying Time 2nd -
Time 3rd. Time 4th

Time jet on________
E-2 stopped 4-

Time stopped

Meter Factor

Lbs. water add. - Time

Time jet 6n 
E-.2 stopp-cd -

Timle stopood.

Lbs. water add__
Pump pressure,_
Time jet bffT _ ___- --

Meter Factor

E-2 Beckman limit 20 x
Approvodby_ ___ Time

Supervisor

a
DECLASSIFIED

-773 -



Date
Run No.

I -- MATHESIS

1. Read F-1 Wt. Ftr.

2. Beclman on F-i.

3. Obtain supervisorts approval that
F-1 Beckman is satisfactory.

4. Start agitator in F-1.

5. Reoeiva7sufficient weight of slurry
,from E-2 into F-1 to bring F-i
total weight to 2400 lbs.

6, Beckman on F-1.

7. Stop F-1 agitator and read Wt. Ftr.
and Sp. Gr. when constant

8. Start Y-1 agitator.

9. Take sample F-i-PS

10. Adjust 1'.-1 temp, to 8000 and
agitate 90 minutes at 8000.

11. Cool F-1 to 3500 and leave
cooling-water on.

HW-10475-C

CONCEN~TRATION OPERATIONS

DECLASSIFIED
F-1 Wt. Ftr. Lbs.

F-1 Meter Factor - --

F-1 Deokman limit2Q x 2--
Approved by Time

Supervisor

Time F-i agitator on,___-

Time start -Time end__

Meter - Factor__

F-1 agitator off
Wt. Ftr._ _s.
Sp. Gr. Temp.

F-1 agitator on

Time sampled

Time 800C -

Time start _Time end

Time start Time 3500-

i9 .3 R 10/45
- 774 -

-

- T-

I



II - METATHESIS CENTRIFUGING

1. Beckman on F-2.

HW-10475-C

04CONCENTATION OPERATIONS

Run No.

ateECLASSFlED

Meter Factor _ __

9.2

2. Obtain supervisor's approval to
start centrifuging.

3. Bring F-2 to-1800 RPM.

4. StartSF-9 sparger an& cooling
watSr.

5. Transfer slurry from F-i to F-2
at the rate of 12 lbs, per min.
Check the transfer rate at 30
minute intervals, recording data
in table.

6. Stop F-i agitator when F-i Wt.
Ftr. pen reaches 0.8 and start
F-1 air sparger.

7. When F-I Vt. Ftr. pen reaches
zero,=stop F-i air sparger.

8. When the jet from F-i to F-2
first gasses, raise jet steam
pressUre to full. Stop jet when
ammeter and jet thermometer
indicate F-1 is empty.

9. After min., at 1800 RPM, skim
F-2 to-5 gal. Stop cooling water
on F-1.

10. Slow F-2 to 900 RPM.
11. Beckm1n on F-2.
12. StartF-7 agitator and jet F-9

to F-..
13. When F-9 Wt. Ftr, pen reaches

0.2, .itop F-9 sparger and cooling
water.

14. When F-9 to F-7 jet gasses,
stop jet.

15. Stop F'-7 agitator and read F-7
Wt. Ytr. and Sp. Gr.

16. Start F-7 agitator.

17. Take-ample F-7 WS.

n lot4s - 775 -

F-2 Beckman Limit 20 X1O04

Approved by: Time - -
SSupervisor

Time 1800 RPM

F-9 sparger on __ __ _
Water on

Jet
Time Press F-9 Wt. b.

0

F- agitator off
F-1 sparger on

F-i sparger off

Time full pressure
P. S. I.
Time stop jet

Time ond skim
F-i water off

F-2 at 900 RPM
F-2 Meter Factor
F-7 agitatyr on
Time start jet
V-9 sparger off
F-9 water off

Time stop jet

F-7 agitator off
F-7 Wt. Ftr. Lbs.-- -- .
F-7 Sp. Gr..--Temp.

V-7 agitator on-

Time sampled

a



HW-10475-C

Date
Run No.

III - FIRST OAKE REMOVAL

00NCENTRATION OPERATIONS

DrCLASSIFIED
1. Start2'-l agitator and cooling

water

2. Plug r_2 to stop and. read
manomnter.

3. Start F-2 to F-1 jet and- bring
F-2 to 10 RPM

4. Add 450 lbs, of water from F-2D
through bowl sprays (low pressure)
at noTE less than 70 psi. Shut off
pump temporarily if F-2 Wt. Ftr.
manometer exceeds 1,0.

3. With F-2 at 10 RPM and with F-2 to
F-1 jet on, add 450 lbs. of water
through high pressure bowl sprays.
(Pressure must be at least 275 psi)
Shut bff pump temporarily if F-2
Wt. Ftr. manometer exceeds 1.0.

F-1 agitator on_. _ ,

F-1 cooling water - ---

F-2 stopped.

F-2 Manometer_ lbs.

Time start jet
F-2 at 10 RPM -_-

Lbs. water added- - .

Pump pressure

Lbs. water add

Pump pressure

6. With F-2 at 10 RPM and with F-2 to Time end
F-1 jet on, add water to F.-2 via

F-2D and (low pressure) bowl sprays F-1 Wt.Ftr. Lbs.

until F-1 Wt. Ftr. shows approx.
16OOilbs. in Fl. Shut off pump
temporarily if F-2 Wt.Ftr. manometer
exce&ds 1.0.

7. Stop F-2

8. When-jet gasses, stop jet

9. Stop F-i cooling water

10. Beckman on F-2

9.3 R 10/45 - 776

Time F-2 stopped--

Time stop jet-

F-1 cooling water off - .,.--

Meter wactor__

a



=77
Date
Run No.

III - FIRST CAIXZ REMOVAL

HW-10475-C

0ONCIETRATION OPMATIONS

DECLASIFIE
1. Start F-1 agitator and cooling

water_

2. Plug f-2 to 10 RPM and start F-2
to F-1 jet. Pump 400 lbs. of
water from F-2-1 through F-2 bowl
spray.

3. With F-2 to F-1 jet off and F-2
at 10 RPM, plow cake from bowl
wall for approx. 10 minutes.

4. Move plows to "Out" position.

5. With F-2 at 10 RPM add
100 1A . of water to F-2 via
F-2-D and F-2 bowl spray

6. Bring F-2 to 100 RPM and hold
with "inch button" at 100 RPM.

7. Set plows three-fourths of the
full distance to bowl wall and
hold for 30 minutes at 100 RPM.

8. Stop T-2, move plows out, and jet
slurry from F-2 to F-1.

9. With F-2 at 10 RPM add 50 lbs.
of water to F-2 via F-2-D and
F-2 bowl spray

10. Bring F-2 to 100 RPM and hold
with "inch button" at 100 RPM.

11. Set plows three-fourths of the
full distance to bowl wall and
hold for 15 minutes at 100 RPM.

12. Stop F-2, move plows out, and jet
slurry from F-2 to F-1.

13. With F-2 at 10 RPM add 50 lbs.
of water to F-2 via F-2-D and
F-2 bowl spray

. 9.3A R ia/is - 777 -

F-1 agitator on.
F-1 water on .-

Time F-2 at 10RPM
Time jet on
Lbs. water add----__,-_

Time jet off
Plows in

Time out-

Lbs. water add-

Time water add

Time F-2 at 100 RPM

Plows in
Time start
Time end

Time F-2 stop,
Plows out
Time jet off

Lbs. water add

Time water add

Time F-2 at 100 RPM

Plows in -

Time start
Time end -

Plows out
Time F-2 stop -
Time jet off

Lbs. water add- - - -,----

Time water ad&

I., 111



Date
Puri No.

III - FIRST CAK REMOVAL (cont'd)

14. Bring F-2 to 100 RPM and hold Time F
with "inch button" at 100 Rpm.

15. Set plows three-fourths of the Plows
full distance to bowl wall and Time a
hold for 15 minutes at 100 RPM. Time en

16. Stop f-2, move plows out, and jet Plows o
slurry from F-2 to F-i. Time F-

Time je

17. With F-2 at 10 RPM, add 50 lbs. tbs, wa
of water to F-2 via F-2-D and
F-2 bowl spray. Time wa

18. Bring F-2 to 100 RPM and hold Time F-
with "inch button" at 100 RPM.

19. Set plows three-fourths of the Plows I
full distance to bowl wall and Time st
hold for 15 min. at 100 RPM. Time en

20. Stop F-2, move plows out, and jet Plows o
slurryrfrom F-2 to F-1. Time F-

Time je

21. With F-2 at 10 RPM and with F-2 Time je
to F-1 jet on, add water to F-2
via F-2-D and F-2 bowl spray until Time en
F..1 Wt% Ftr. shows approx. 1600
lbs. in F-1. F-1 Wt.

29, Stop F-2 F-2 stcp

23. When jet gasses, stop jet. Time jet

24. Beckman on P-2 F-2 Mote

HW-10475-C

CONCENTRATION OPERATIONS

DECLASSIFIED
-2 at 100 RPM

in
tart
id-

lit
2 stop
t off-

Odr add.-

ter add - .

2 at 100 RPM

n-
art

ut
2 -top
t off

t on

I--

Ft. T__Ls.

ped

off_

r _-,Factor

9.3B R 10/45 - 778 -



Date
Pun No.____

IV - MRTATHESIS WASH

1. Make up 250 lbs. of 17% Potassium
Hydroxide in E-1B.
a. AdA 0O 1be. of water
b. Start agitator
o. Add 50 lbs. of Potassium

Hydroxide
d. Continue agitation until solid.

is dissolved.
e. Take sample to lab for approval

2. Add the 250 lbs. of 17% Potassium

- Hydroxide from E-lf to F-1 via F-10

3. Wash E-IB to F-C. to F-1 with 100
lbs. of water

4. Stop F-I agitator and. add suffi-
cient water to make total weight
in F-i _up to 2100 lbs. as deter-
mined by Wt. Ftr.

5.

5. Start F-i agitator

6. Adjust temperature of F-i to 3500,
and agitate for one hour.

7. Start F-1 cooling water

HW-10475-C

CONEN'RATION OPERATIONS

Lbs. water -ad. Time
Time agitator on
Lbs. Potassium Hydroxide add__
Time - ----- ,,
Lbs. Total>_ Time
Time dissolved
Sampled by_-
Time OK'd by lab

Lbs. add Time add

Lbs. add_
Time add

Time agitator off _ __

Lbs. water-add

F-1 Wt. Ftr. Lbs.

F-i Sp. Gr. Temp.

F-1 agitator on ___

Time at 3500

Time end -

F-1 water on --

fl 10/24.5 - 779 -

k --

9.4 R 10/10 779 -



Date
Run No.

V - METATHESIS WASH CENTRIFUGING

1. Bring F-2 to 1800 RPM.

2. Beckmin on F-2.

3. Start_ -9 sparger.

4. Transfer slurry from F-1 to
F-2 at the rate of 25 lbs.
per min. Check the transfer
rate at 30 minute intervals,
recording data in table.

HW-10475-C

CONCENITRATION OPERATIONS

Time 1800 RPM

Meter __Factor

F-9 sparger on
Jet

Time Pres F 3. Lbs .1,n.
_ _ _ _ _ _ 0-

5 5. Stop F-1 agitator when F-1
Wt. Ftr. pen reaches 0.8 and
start F-1 air sparger.

6. When r.-1 Wt. Ftr. pen reaches
zero, stop F-1 air sparger.

7, When the jet from F-1 to
F-2 first gasses, raise jet
steam-pressure to full. Stop
jet when ammeter and jet ther-
mometer indicate F-1 is empty.

8. After 5 min. at 1800 RPM, skim
F-2 to 3 gal. Stop cooling water
on F-i.

9. Beckman on F-1 and F-2.

10. Slow V-2 to 900 RPM.

11. Stop F-9 sparger and read Wt.
Ftr. and Sp. Gr. when constant.

12. Start F-9 sparger.

13. Take sample F-9 WS

.5 R 10/45 - 780

a _

F-1 agitator off
F-1 sparger on_

F-1 sparger off-

Time full pressure
P. S. I.
Time stop jet

Time end skimming

F-1 Meter -'aotor
F-2 Meter Factor - -

Time 900 RPM- _

F-9 sparger oft
F-9 Wt. Ftr. _ ..Lbs.
F-9 Sp. Gr.__ _ Temp.

F-9 sparger on

Time sampled_

U-9



Date
Run No.

VI - FINAL CAKE REMOVAL

1. Plug F-2 to stop and add 24 lbs
6o% Nitric Acid to F-2 via F-2B.
(Line A)

2. Bring F-2 to 160 RPM, hold 2 min.
Plug to stop. Repeat continuously
for thirty min.

3. Rotate F-2 slowly (approx. 10 RPM)
and cut cake off bowl wall with
plow. Plow for 10 minutes)

4. Bring i'-2 to 100 RPM and hold at
100 RPM- for 30 min., with plows
set approx. thres-fourths in.
Withdraw plow and plug F-2 to- stop.

5. Check F-10 system (drain valve
closed)and carry out item 1,
page 9-7

6. Beckman on F-10.
7. Obtain supervisor's approval that

F-10 Beckman is satisfactory.

8. Jet F-2 to F-10.
9. Read weight in F-10.

10. Add to F-2 sufficient water via

HW-10475-C

CONCENTRATION OPERATIONS

DECLASSIFIED
F-2 stopped
Time add - _Lbs. add

_F-2 Wt. Ftr. Lbs.

Time start Time end

Plows in
Time end_-

Plows in
Plows out
Time end _
F-.2 stopped
F-2 Wt. Ftr. Lbs.

PR-Can in loading position
F-10 Wt.
F-10 valve closed
F-10 Meter _ Factor
t-10 Beckman Limit 20 xlOr -

Approvod i_ 'Time-
Supervisor

Time jetted
F-10 Wt.
Lbs. water added

F-2B to bring F-lQ weight to 72 lbs.
11. Bring F-2 to 160 RPM, hold 2 min, Time first slurrying

Plug to stop. Repeat three times. Time second "t
Time third "t
Time fourth "

12. Jet F- to F-10. Time jetted
13. Read weight in F-10. F-10 weight
14. Beckman on F-2. F-2 Meter Fiactor'
15. Obtain supervisor's approval that F-2 Bbckman Limit, 2Q x1

F-2 Bleclman is satisfactory. Approved by, ... Time
Supervisor

16. Beckman on F.-10. F-10 Meter ______-Factor
17. Obtain aupetvisor's approval that Calculated Beckman minimum xlO

F-10 Beckman is satisfactory. Approved by, Time
-Supervisor

ic. With F-12 at 10 RPM, add 100 lbs. of Time start
water via F-2D (low pressure sprays)aTime end
Just after sprays start, begin jet- F-1 Wt. Ftr.
ting F-2 to F-1 Keep bowl empty
during the entire water wash by in-
termittently stopping water to the
sprays. Leave water in F-1 for the
next charge.

19. Plug F-2 to stop. F-2 stopped
20. Beckman on F-2. Meter -

'4

Lbs.

Factor

R 10/45 78

' I

9.6 - 781 a

17"'Um



HW-10475-C

a7-- CONCETRATION OPERATIONS

Date
Run No.

VII - SaIPMENT OFPROnUCT

1. With supervisor's approval, swing
container out of carrier and into
F-10 &iolosure with chain hoist.
Raise container until F-10 drain
spout-is at maximum depth inside
open dharging port. Close doors
of F-10 enclosure.

2. Record wt. of F-16.

3. Open i10 valve gently and slowly
empty 7-10 into container (Approx.
10 lb/min.).

4. Recor& weight of F-10 and lbs of
solution delivered.

5. Close -10 valve and let spout
drain into container for 20 min.

6. Carefully lower container away
from P-10 spout and bring to a
position just inside enclosure.
Replace drip pan under spout.

F-1-PS Assay PT C.
Approved by ji -Time

Supervisor

DECLASS IFIED
F-10 lbs.

Time start
Time end

F-10 lbs. -
Lbs. deliverod

Valve closed
Time drained

7. With supervisor's approval, swing Time OK to procood
covet plate over container charging
hole ,hold suspended, and rise top Acid rinse volume
of can inside curbing with 100 cc*
of 60% nitric acid. Time rinsed

8. Rinse twice with 100 cc portions Time rinsed

of water.

9. Make "Sandy" survey of container. Time completed

10. If "Sandy" survey is satisfactory,
clos& and tighten container cover,
remote from enclosure, and make
portable Beckman survey of
container.

11, Place container in carrier and
remove to truck.

12. Beckman on F-10.

13. Obtain supervisor's approval that

F-10 Beckman is satisfactory.

9.7 R 10/45 - 782 -

Time removed
Beckman roading (side)

(bottom)_

Time completed

F-10 Meter - Factor__

F-10 Beckman limit 20 x14

Approved by Time
Supervisor



aae
Run No.-____

VIII - DISPOSAL OF V-7 WS8 ANDf F-9 WS

HW-10475-C

CONCENTRATION OPEMATIONS

DECLASS IFIED
1. With the approval of the super-

visor, jet F-7 to 0-8. 0-8
should be empty or contain
neutralized wastes before jetting
starts.)

2. Stop F-7 agitator when F-7 Wt.
Ftr. reaches 0.2.

3. When F-7 to 0.8 jet gasses, stop
jet.

4. With supervisor's approval,
start F-7 agitator and jet
F-9 to -7.

Time OK to proceed

Time start-

F-7 agitator off__

Time stop jet

Time OK to- proceed

F-7 agitator on.

Time start jet

". When F-9 Wt. Ftr. pen reaches
0.2, stop F-9 sparger.

6. When F-9 to F-7 jet gasses,
stop jet.

7. With the approval of the supervisor,
jet F-T to C-8. (C-8 should be
empty or contain neutralized wastes
before jetting starts,)

8. When F.7 Wt. Ftr. pen reaches 0.2,
stop F-7 agitator.

9. When
jet.

F-7 to 0-8 Jet gasses, stop

9.8 R 10/4 5 - 783 -

F-9 sparger off-

Time stop jet

Time OK to proceed

Time start

F-7 agitator off__

Time stop jet

S



-k

DECLA3SIFIEG
tCAPTER VII -

Agitation, 13
Cake washing, 711, 715 716
Carryover o fines, 714
Catch tank, 729
0118, - -

A, 720
B, -720:
0, 7221
D, 722-r-
E, 725--
F, 7257

Centrifugation, 711 714, 716
Centrifuges, 729
Chemistry,

BiP% by-product, 704
Lanthaqrm fluoride, 706
Metathesis in fluoride cycle, 708
Oxidatifn in fluoride cycle, 708
Reduction in fluoride cycle, 708

Coformed preipitates, 710, 713
Condensate system, 733
Cross-over, 733
Crystalline aF3 , 715
Decontaminatjion, 704
Dissolution of cake, 717
Equipment, 719
Fines carryover, 714
BF concentraion, 710, 712

CONCENTRAT ioN

Ionic interference, 714
Lanthanum concentration, 710,
Lanthanum fluoride, 706
Metathesis, 708, 715
Metathesis tanks, 729
Nitric concentration, 713
Overall decontamination, 703,
Oxidation, 705, 707
Precipitation, 705, 706
Precipitators, 729
Preformed precipitation, 710,
Process, 703
Process variables,

_BiP04 by-product, 708
LaF3-by-product, 708
LaF3 product, 713
Metathesis, 715

Recovery of wastes, 717
Reduction, 708, 711
Reoxidation, 710
Samplers,'733
Scale tanks, 731
Solubilities, 707
Solution tanks, 729
Spray pumps, 733
Strike__temperature, 711
Washing of cake, 711, 715, 716
Waste recovery, 717

I

- 784- Iow

a1wmt
HW-10475-C

nINEX

712

709

713

-. . . |-- -



HW-10475-SEC. C

COPY NO. 6 SERIES C

INTRODUCTION

I EC SSIIED

HAIFORD ENGINEER WORKS TECHNICAL MANUAL

SECTION C - SEPARATIONS

CHAPTER VIII - PRODUCT ISOLATION

In the extraction, decontamination, and concentration processes de-
scribed in the foregoing chapters the product is separated from the uranium
and the quantity of fission elements associated with the product is reduced
by a factor about 107 through the use of carriers.

The final step in the separation process consists in the separation or
isolation of the plutonium as its peroxide from the final carrier used during
the concentration process, followed by purification, concentration, and ship-
tent as plutonium nitrate. This chapter describes the equipment and the
process used in this product isolation step.

t
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ISOLATION PROCESS BASIS

Purpose of-the Isolation Process

Throuihout its processing in the Canyon and Concentration Buildings,
plutoniumis not identified in any way as a pure c-ompound. In these opera-
tions plutonium is always associated with large amounts of carriers, so that
it may be decontaminated with respect to fission products and be recovered
from large-volumes 6f solutions. Following final processing in the Concen-
tration Building, the plutonium is delivered to the Isolation Building in a
relatively small volume of solution per batch (about 8 gallons or 30 liters)
which contiins a relatively small amount of carrier (about 1 kg of La). The
purpose of-subsequent operations in the Isolation Building is the separation
of plutonium from the carrier and the preparation of its nitrate salt having
a minimum purity of 95% as the final product.

Reasons for the Selection of the Plutonium Peroxide Isolation Process

The separation of plutonium from lanthanum and other ions involves the
direct precipitation of a plutonium compound for the first time in the pro-
cess. To obtain the desired separation from carrier and impurities, the
plutonium compound selected must satisfy certain conditions. This compound
must have &_low solubility in the precipitation medium and the mechanical
separation from the supernatant solution must be simple. Purification from
other cations (La, Fe, Zr, etc.) should be obtained. Ease of dissolution of
the precipitated compound is also an important consideration.

Of the known compounds of plutonium, plutonium peroxide most closely
approximates the limitations established for the compound to be chosen.
Plutonium peroxide exhibits a low solubility in the reaction medium antici-
pated, it is easily redissolved with HN03 to give the nitrate, and it may be
readily sep-arated from its supernatant by decantation or filtration. Further
precipitation of the peroxide yields high purification from other cations
since those cations when present do not precipitate as peroxides, nor are they
carried appreciably by plutonium peroxide. For these reasons plutonium per-
oxide has been selected for isolation purposes.

From a knowledge of the chemistry of plutonium peroxide and of the var-
iables that- influence its precipitation, a chemical process for the isolation
of plutonium and suitable equipment in which to carry out this process have
been developed. The nature of the physical equipment employed has been deter-
mined not only by the chemistry of the process, but by the physiological ac-
tivity of trace amounts of plutonium which has necessitated remote control
operations and elaborate ventilation systems for the purpose of safe operation.

Chemistry of Plutonium Peroxide

Plutonium forms a green, insoluble peroxide in dilute acid solutions in
the presence of 1202. (Ref. .1-8) This compound has a relatively low solubility
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in the precipitation medium, in dilute acid solution and in water. In this
respect plutonium is similar to uranium, thorium and zirconium.

Formula of Plutonium Peroxide

Valence of Plutonium (Ref. 9-12) Considerable effort has been devoted
to the determination of the exact formula of plutonium peroxide. If the com-
pound is analogous to uranyl peroxide UO4, the valence of plutonium is 6 and
the formula is of the type Pu%4. If the peroxide -is analogous to thorium per-
oxide (Th 2 07 ), the valence is 4 and the formula is of the type Pu2 07 . There
is strong evidence to indicate that the valence of plutonium in the peroxide
is 4 (Pu(iv)). Addition of H202 to known solutions of Pu(IV) rapidly precipi-
tates a green peroxide. The addition of HO to known solutions of Pu(VI)
and Pu(III) results in a tlow precipitatioh gf the same green compound. Hydro-
gen peroxide is capable of reducing Pu(VI) to Pu(Iv) and oxidizing Pu(III) to
Pu(IV) so that in tIle above- cases it is the Pu(IV) formed that precipitates as
the peroxide.

Other information concerning the valence of plutonium in the peroxide
baa been obtained in titration studies. When plutonium peroxide is dissolved
in fI soluTion and the iodine liberated is titrated with thiosulfate, an end
point is obtained at about three equivalents of iodine per atom of plutonium.
At this point the solution has the typical amber color of a Pu(IV) solution.
On further-standing another equivalent of iodine is liberated and the solution
has the blue color of Pu(III). Th& extra equivalent of iodine is liberated
as a result of the reduction of Pu(IV) to Pu(III). Similar evidence has been
obtained by titration with stannous salts.

Peroxidic Oxygen Content (Ref. 11, 13-16) The determination of the
equivalents of peroxidic oxygen present per atom of plutonium has been studied
by titration techniques employing Ce+4, Mn0.l SO0, Snt 2 and I-1. The most
,consistent results have been obtained with t anX I-l. When either thorium
or plutonium peroxides are precipitated from excess H2 02 and subjected to five
or six water washes, on titration with I-- or Sn about 3.2-3.3 peroxide
equivalents/gram atom of Th or Pu are found. This odd, number does not fit
into the fornula of Th 2 0 7 for thorium or any simple formula for plutonium.
It is believed that excess peroxide has been precipitated either as %202 Of
crystallization or by occlusion and has not been removed by the washings.
However, when either Th or Pu peroxide is precipitated with an excess of Th
or Pu present, the number of peroxide equivalents/gram atom of Th or Pu is
about 2.95. Under these conditions the formula Th207 is satisfied and the
formula for plutonium peroxide is presumably Pu207'

Influence of Sulfate Ion (Ref. 10, 14, 17, 16) When plutonium peroxide
is precipitated in the presence of sulfate ion, the precipitate obtained is
darker green, of larger particle size and of lower solubility than that pre-
cipitated in the absence of sulfate. Both types of precipitate contain the
same numbet of equivalents of peroxidic oxygen/gram atom of Pu. Some sulfate
is precipitated with the peroxide and cannot be removed by extensive washing.
Analyses hive indicated mol ratios of Pu/S04 of 2.6-3.0.

Thorium peroxide precipitated in the presence of sulfate is known to have
the fornnl4; Th206*804. Plutonium peroxide precipitated in the presence of
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sulfate may then have the formula, Pu2 06.804 , although the sulfate found in
such precipitates is less than that required by the formula.

Most Probable Formula. Interpretation of the above data would seem to
indicate that the moat probable formula for plutonium peroxide is Pu 2 06.Z-nH20
where X may be 304-2, (NO3 J)2 , or 0-2. The simplest formula for the peroxide
-may be Pg2O7.

Factors Influencing the Precipitation of Plutonium Peroxide

A large number of factors influence the precipitation of plutonium per-
oxide and result in changes in the physical characteristics of the precipitate
as well as its solubility. These factors include acidity, temperature, H202
concentratfon, time of digestion, and the concentration of various ions. Cer-
tain conditions are optimam for the production of one set of desired character-
istics, while other sonditions are optimum for other characteristics. It is
difficult to separate- the consideration of these factors since in most studies
several of these factors have been varied simultanecusly. In the following
the relationship between these factors is discussed.

Acidity. (Ref. 19-21) Plutonium peroxide may be precipitated over a wide
range of acidity, from a few thousandths normal to several normal hydrogen ion.
Little is known regarding the peroxide compound at very low acidities owing to
the hydrolytic behavior of plutonium at these acidities. Plutonium peroxide
may be precipitated from several different acids, HN03 > Bl, 2804, H010 4 and
HC2H O2 having been studied. However, most studies have dealt with HN03'
parttcularly 1-2N HNOq. Above 3N HNO3 the solubility is markedly increased.
Precipitatfon from 2ZCHNO in the presence of 0.25M (NH4)2 304 gives rise to
larger sized particles with better settling characteristics than are obtained
at lower acidities. The solubility of the peroxide under these conditions is
only slightly greater than in lN HN03 -0.2N H2S04 solutions.

Sulfate Ion. (Ref. 17,20,22-25) Early studies of the influence of sulfate
ion on plutonium peroxide formation indicated that sulfate has a very marked
effect on the physical properties and solubility of the peroxide. That sulfate
has been incorporated into the molecule has already been mentioned. In the
presence of sulfate the solubility of the plutonium peroxide is initially lower
and decreases more rapidly on standing, although the physical characteristics
are such that the precipitate forms, agglomerates and settles more rapidly and
is more filterable. The optimum sulfate concentration is in the range
0.1-0.25M.

EpOp Concentration. (Ref. 13,26,27) Plutonium peroxide may be precipitated
from solutions containing a few tenths percent up to 10 or 20% by weight of

0 2. As the 202 concentration is increased, lower solubilities are obtained.
,4e decrease in solubility on standing is more rapid at higher I 2 0 concentra-
tions. In the presence of 1.0 K H11 3-O.2N H90, the solubility obtained with
4% %02 is about the same as that found with 1 H2 0 2. In 2N HNO - 0.25M
(NH.jS% solutions the solubility with 10% %02 is considerably lower than
with H202
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Plutonium Concentration. (Ref. 26) The concentration of plutonium also

influences the solubility of the plutonium peroxide precipitated. In solu-

tions 1.ON in ENd3 and 0.2N in H20 4 there is practically no difference in

solubility whether the original concentration was 1.0 or 8.3 gm Pu/liter _
(equivalent to 30 and 250 gm/ton of uranium, respectively). However, when
2N HNOq - 0.25M (NH 4 )2 So4 solutions are employed the solubility obtained when
the original plutonium concentration was 1.0 gm/liter is three times as great
as that when 8.3 gm Pu/liter was originally present.

Temperature. (Ref. 12,13,20,25,27) Variations in temperature markedly
affect the precipitation of the peroxide. Precipitations at temperatures
above 20 0C are advantageous with respect to particle size and hence to fil-
terability and settling. At 60 OC in the presence of sulfate easily filter-
able precipitates may be obtained with no appreciafle increase in solubility
over that found at 10-25 00. At 80 00, higher solubilities are obtained.
Temperatures above 20-25 00 are not practical in th presence of ferric iron
owing to the marked catalytic decomposition of H202 by Fet 3 at high tempera-
tures. Hydrogen peroxide is quite stable, however, in the presence of a
stainless steel surface (25-12 Cb stabilized).

Digestlon. (Ref. 12,19,20,22,23) The precipitation of plutonium per-
oxide is not complete on the. first addition of H2 to plutonium solutions.
The solubility of the peroxide continues to decrease for several hours at 2000
and may continue to decrease for as long as 24 hours, but the rate of decrease
is usually low after the first 2 or 3 hours. In the presence of sulfate the
digestion period for complete precipitation is shortened, Similarly, in 2N

HNO3 the required digestion period is shorter than in 1.ON 0NK3 . In the
absence of Fe the digestion time is reduced at emperatures higher than 20 00.
Long standing (24 hours) in the presence of Fe" may result in increasing
solubilities as a result of H202 decomposition. High concentrations (about

0,5 M) of various salts such as La(NO3 )3, Al(NOz) and NH4 NO3 tend to prolong
the digestion period required to achieve low so~tbil.ty of product in the

supernatant solution.

Jqnpc intprference. (Ref. 11,12,18?19 24,25,2t-31) The presence of other
ions in, polition when plutonium peroxide is precipitated may affect the solu-
bility of the peroxide. From studies on purified plutonium preparations, the
solubility of the peroxide was found to be about 20 mg Pu/liter in 10% H202 -

l.ON HNO - O.2N H2804, or 10% HOp - 2N HNO3 - 0.25M (NH4 )2S04 solutions.
Lower solubilities have occasionally been Qbtained.

The solubility of the plutonium peroxide at 60 OC increases rapidly with
increasing concentration of re+3. The increase is 2-fold at 0.001M Fe, 4-fold
at 0.002M FY and over 100-fold at 0.005M Fe when precipitated from 10% H202 -
.ON HNO3 -_0.2N %284 solutions and digested 2 hours. At 10 - 20 00 the in-

crease in solubility with 0.01M Fe may be only 2 or 3-fold. In 10% H202 -

2N HNO3 - 0.25M (NHi),SO4 at 20 OC the presence of 0.01M Fe approximately
doubles the solubility found in 10% %22 - 1.ON ENO - 0.2N H2804 solutions.
The action of iron involves the catalytic decomposi ion of H202. Plutonium
peroxide in the presence of Fe+3 does not seem to dissolve until the 202
concentration is appreciably reduced.
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Zirconium ion also increases the solubility of plutonium peroxide. Zir-
conium acts, presumably, by forming a complex with plutonium and 3202, possi-
bly a mixed peroxide. If zirconium is present during the precipitation of
plutonium peroxide from 10% 3202 - 1.ON HNO3 - 0.2N H2804 solutions, the
solubility of the peroxide is increased 2-fold at 0.001M Zr, 4-fold at 0.01M
Zr, and about 100-fold at 0.1M Zr. The effect of Zr is somewhat greater at
10 00 than at 60 0 and in 2N HNO3 than in 1.ON 3N 3. This effect of Zr can
be duplicated by the addition of Zr to previously formed plutonium peroxide
followed by a period of digestion.

When iron and zirconium are both present, the solubility of the peroxide
seems to be controlled by the ion present in highest concentration. At low Feand Zr concentrations the effect is probably additive.

Iron and zirconium are the only known cations that markedly affect thesolubility of plutonium peroxide. Their action is exerted at relatively lowconcentrations. Oth ,r ions, such as Lat3, Bit3, Mni2, art3, may be present
to the extent of several tenths molar concentration with only a very slight,if any, increase in solubility. Lower solubilities are actually found in thepresence of Si03, possibly due to coprecipitation of some bismuth.

Stability

Plutonium peroxide is stable (Ref. 27, 32) for several hours in the ab-sence of excess 202 in dilute acids (1.0N). After 24 hours, however, theperoxide shows evidence of dissolution probably as a result of decompositionof the peroxide linkage in the molecule. In-water, the peroxide is stablefor 48 hours or longer in the absence of R202. In more concentrated acids,the peroxide slowly dissolves at room temjerature.

Dissolution of Plutonium Peroxide

Plutonium peroxide dissolves in the presence of concentrated acid& withthe liberation of oxygen (Ref. 10, 11, 15). Heating is usually employed tohasten the dissolution. The mechanism of dissolution probably involves theformation of H202 with its subsequent decomposition to water and oxygen.

Dissolution may also be accomplished by reagents that react with the
peroxidic oxygen in the compound. These reagents include 802, NO2, I1 and8n2, ak1 of which react by reducing the peroxidic oxygen; and MnO 1 , 0r20- 2

and Ce , which react by oxidizing the peroxidic oxygen. Simultaneous re-duction to Pu(III) oroxidation to Pu(VI) may occur, but this is not a pre-requisite to the dissolving action of these substances.

Properties ofPlutonium Nitrate Solutions

Densities and freezing and melting points of concentrated solutions ofplutonium nitrate have been determined (Ref. 20, 32) at several concentrations.Table I records the density versus product concentration of several Pu(N 3 )-
solutions prepared by the evaporation of dilute RN 3 solutions of plutonium.

-807-



HW-10475-SEC. C

COPY NO. 63 SERIES C
PROCESS BASIS

TABLE I

Density of Plutonium Nitrate Solutions at 25 0C

Pu(NO3 )4 Concentration
14.9 24.2 28.0 39.8 46.4 58.0

Pu, gm/i

Density

57 108 191 226 578

1.30 1.48 1.62 1.66 1.79 1.87 2.03

The solutions are quite viscous at room temperature when
concentration was greater than 40%.

the Pu(NO3)4

The freezing ad melting points of concentrathd Pu(NO3)4 solutions also
prepared by evaporation are recorded in Table II. _ The solutions were slowly
cooled by immersion in a solid C02 - acetone bath. The large divergence
between freezing and melting points indicates thatconsiderable supercooling
occurred in these experiments. Furthermore, insufficient time may have been
allowed for establishing equilibrium conditions.

TABLE II

Freezing and Melting Points of Plutonium Nitrate Solutions

First Evidence
of Melting 00

-28

-44

-53

-57

Coiplete
Melting OC

-18

-19

-38

Remarks

Sharp, definite freez-
ing point

Gradual increase in
viscosity on cooling
to a syrupy consist-
ency until crystalli-
zation began

Same as 30% Pu(N03 )4
Freezing occurred only
after several hours at
-790 at which time a
hard glass was produced

Only limited solubility data on plutonium nitrate solutions are avail-

able. The solubility of plutonium nitrate in high-concentrations of HNO3 is
at least 2._)M (about 60% Pu(N03 )4). The HNO3 concentration in the abovecase

is not known, but it is probably less than 10M, since a 30% Pu(N03 )4 solution

(similarly prepared by evaporation) was found to be llM in HNO3.

-8o8-

9.1

0

F ve ? 4ng
Point OC

-62

-63

-70

-79

Pu(N03)

24

30

42

49

347

-
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PLUTONIUM PEROXIIE ISOLATION PROCESS

The process employed in the Isolation Building was developed by select-
ing those conditions which gave the most favorable-results with the process
solution r4-Oeived from the Concentration Building.- This solution, known as
the F-lO-P--blution, is obtained from the dissolution of the metathesized
LaF3. A typical F-10-P solution has a nominal volume of 8 gallons (30.3
liters) and contains the following approximate concentrations of substances,
C.4M La, .o0-o.olm Fe, 1.8-2.2M HNO3, 0.1-0.2M K, 0.03M Pa, and variable
but low concentrations of Zr, Ca, Mn, together with some suspended MaO2.

Two peroxide precipitations are required to obtain a product purity of
95% or better; therefore, the isolation process consists of a first and second
cycle. Figures 1 and 2 are schematic diagrams illustrating the movement of
product and or recycle materials in the process cells. A schematic diagram
of the process cell equipment is shown in Figure 3.

First Cycle

First Filtration

The initial treatment of the F-10-P solution consists of filtration
through a Type E Filtros plate in Tank N-1 upon which a pre-coat of H2 0-
elutriated filter aid (Hyflo-Super-Cel) has been laid. With each new F-10-P
solution a small additional quantity (1 g./l) of filter aid Is added. The
filtered solution is transferred to the first precipitating vessel, P-1, and
a filter waph of one 500 ml. portion of 1.ON ENO3 is added to the filtrate.
The separation of various insoluble materials, including MnO2 is the purpose
of the filtration.

Prereduction

A variable portion, as high as 60%, of the plutonium present in the
F-10-P solution is in the oxidized form, Pu(VI). Since Pu(VI) does not pre-
cipitate with H2 02 , and since Pu(VI) is only slowly reduced to Pu(Ir) by H202under the precipitation conditions, an apparent high solubility may result
from the presence of Pu(VI). ReducTibn of the Pu(VI) to Pu(IV) or Pu(III) is
required before hydrogen peroxide addition. Rapid reoxidation of Pu(III) to
Pu(IV) occurs in the presence of H2 02 (particularly when sulfate ion is also
present), hence any Pu(III) formed during reduction of Pu(VI) is not harmful
to the process. Prereduction of the solution in P-1 is carried out using
0.05M (NH 4 )2So 3 in the presence of 0.020M (1I9 4 ) 2so4. The reduction is com-
plete within a few minutes at room temperature; however, in practice a 15-
minute period is used. Prereduction may be obtained with 0.1M hydroxylamine
sulfate, but this requires at least 30 minutes at room temperature, as well
as a higher concentration of reagent. Hydrogen peroxide also may be employed
for the prereduction. Substantially complete reduction is obtained if the
solution contains 1% H2 02 by weight and is heated to 50 0C for 1 hour. The
use of hydrogen peroxide for reduction of the plutonium has several disadvan-
tages., In 9ddition to heating and the longer period of time required, gas
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evolution occurs due to the decomposition of H202, thus presenting a health
hazard. Furthermore, reoxidation of Pu(IV) to Pu(YI) may occur during the heat-
ing, since the H202 is rapidly destroyed, particularly if the concentration of
Fe is high.

First recipitation and Wash

The pr-a-ipitation conditions chosen were those which produce a plutonium
peroxide precipitate of low solubility and fast settling characteristics suit-
able for decantation, while minimizing the interference of ferric ion. The
conditions ultimately selected involve precipitation from 2N HNO3 - 0.25M

(NH4)2 S04 solution. The solution is made 0.20M in QNH)204 prior to prereduc-
tion. Following prereduction the P-1 solution is adjusted to 2N HNO3. A suf-
ficient quantity of 30% H202 is added to P-1 over a 20-30 minute period to make
the solutionl0% H202 by weight. During H202 addition the temperature is main-
tained at 200C. Digestion of the plutonium peroxide precipitate formed is
continued at 2 00 for an additional hour. A two hour settling period at 5-7 0C
is allowed-before decantation. The supernatant solution is decanted leaving a
heel of approximately 5 liters. Three precipitate washes are made, each one
consisting of 5 liters of 0.4N H2S04. The precipitate is agitated with the wash
solution for 5 minutes and allowed to settle for 30 minutes at 5-7 00. The wash
solutions are also decanted and combined with the original supernatant, which
is held in a catch tank, CT-1, for subsequent treatment prior to recycling.

Dissolution of First Precipitate

For dissolving 1.7 liters of 60% 3N0 3 are added to the peroxide precipitate
in P-1 and the mixture is heated to 60-65 OC until solution is complete. A
minimum period of 1 hour is allowed.

Second Filtration-

The HN0 3 solution of plutonium is passed through a second filter, in N-2,
to remove small quantities of insoluble materials. An E-grade Filtros filter
block is used and this filter is also pro-coated with filter aid. The filtered
solution is then transferred to the second precipitator, P-2.

Second Cycle

Second Precipitation and Wash

Following the first precipitation of plutoniumperoxide, a product purity
of approximately 80% is found. A second peroxide precipitation is carried out
in order to obtain higher purity. The conditions for the reprecipitation are
somewhat different from those used for the initial precipitation. The solution
is diluted with water to give 15 liters of 1.5N HNO3. Concentrated H2S04 is
added to make its concentration 0.5N. The H2 02 concentration is then made 10%
by weight. Ammonium sulfate is avoided in the second cycle since an insoluble
ammonium salt of plutonium (probably (NH4)9uNo3)E ) has been observed to
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precipitate in the adjusting (AT) tank after Concentration in the still (S-1)A heel of approximately 5 liters is again left after decantation of the super-
natant solution. Three washes with 5-liter portions of l.ON HNO3 are made.The washes are decanted, combined with the supernatant and transferred to thecatch tank (CT-l) where they are combined with the first cycle supernatant.

DissolUjtion of Second Precipitate

The second precipitate is dissolved in the same manner as the first pre-cipitate but 2 liters of 60% }N03 are used instead of 1.7 liters. This HN03solution is transferred to the receiver (Pa-3). The purpose of the receivingvessel (PR-3) is to insure the delivery of a constant volume of solution tothe still (S-i) for concentration. Accordingly, PR-3 is filled by the additionof 3N EN03 until overflow into ST-2, a small catch tank, is noticed. The wholevolume of PR-3, about 9 liters, is delivered to S-1.

Concentration -

Water and HNO3 are distilled from the solution in S-1 until about 8.5liters of distillae have been collected in R-1, the distillate receiver. ap-proximately 1000 ml. or about 1700 grams of plutonium solution remains as aheel in the still (S-i). The remaining S-1 solution is traneferred to thestill product receiver, SR-1, from which it is dropped into the adjustmenttank, AT, where the volume is measured and the solution sampled for concentra-tion, density and purity determinations.

Ti'ansfer to Sample Can

The product solution in the adjustment tank (AT) is delivered in approxi-
mately 160-gram portions of plutonium to the weigh tank (WT) at which time theweight of solution delivered to the sample can (SC) may be measured. The solu-tion delivered to the sample can is also checked by weighing it before andafter filling.

Final Evaporation

The contents of the sample can, which amount to approximately 1100 grams
of 30-40% Pu(No3)4 solution, are further evaporated by heating the sample canin a glycerine bath maintained at 125 OC. Air is passed over the solution ata rate of 8 -cu.ft./hr. The air passes through a water-cooled condenser tocollect the -distillate. The evaporation is continued until the weight of dis-
tillate collected indicates that about 400 grams of material remain in thesample can. On cooling to room temperature the material in the sample canappears to be a glassy, plastic mass which exhibits no apparent movement when
the sample can is tilted. In this state the plutonium is considered safe for
shipment.

Recycle-of Hp2p Supernatants

Appreciable quantities of plutonium (amounting to several grams) are
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present in the combined 1202 supernatants in the catch tank (CT-i). For re-
covery of this plutonium it is necessary to return the H202 supernatants to
the Concentration Building. The transportation of a solution which is effer-
vescing due to decomposition of 1202 would presenta possible health hazard.
A further need for decomposing the H1202 lies in the requirement that the 1202
recycle to -the Concentration Building process is added at a point just prior
to the LaF3 by-product (oxidized) precipitation. Hence a very large quantity
of reducing agent, about 200 equivalents ofH2o2, iust be destroyed. For
these reasons it is considered desirable to decompose the H202 in the Isolation
(231) Building before return of the solutions to the Concentration (224) Build-
ings. The lanthanum contained in the recycled supernatant is then used in the
precipitatida of the LaF3 by-product in the concentration process.

The reagent selected to decompose this large quantity of H.,02 must satisfy
certain requirements. First, from the standpoint of safety with respect to
gas evolution, the reduction of H202 to water is preferable to the oxidation
of H 202 to oxygen. Second, the reagent employed should introduce no new ions
which mightinterfere with subsequent processing. Third, the volume of the
recycle solution should be kept to a minimum to facilitate transporting it.
Very few reagents are capable of satisfying all three of the above require-
ments. The first requirement appears to have eliminated consideration of
agents such as EMnO4 , Or 0,,, etc. Further, most reagents contribute large
atmounts of new cations toth solution. Of the reagents capable of reducing
H202 to water only nitrite and sulfite ions have been given serious considera-
tion. Neither nitrite nor sulfite contribute undesirable end products since
they are oxidized to nitrate and sulfate, respectively. Of these two choices
nitrite hasbeen selected since its reaction with H2 02 may be carried out with
the smallest increase in recycle volume, approximptely a doubling in volume.
Sulfite, asrNHHSo3 or (NH 4)2 SO3 may be used, but, unless the volume increase
is at least-3-fold, La2 (S0 4 ) 3 or double salts of (NH4 ) 2S0i and La 2 (SO4) 3 pre-
cipitate. Since a saturated solution of HSO3 is only IM, the volume increase
using this reagent is 3-fold or more. However, sulfite has the advantage that
negligible gas evolution occurs during its use, whereas considerable gas evolu-
tion persists throughout the whole procedure when nitrite is used. Further-
more, some decomposition of nitrite to NO2 occurs as a result of the decompo-
eition of niftrite ion in strong acid.

In actual practice a 40% solution of NaNO2 is used. Since KNO is much
less soluble than NaNO3 , KNO2 is not used. Over 46 kilocalories of heat are
liberated.per mol of H202 decomposed by NaNO2 . Because of the large evolution
of heat, a slow rate of addition of NaNO to the H202 solution is used and
cooling water is circulated in the Jacke of the Tank CT-1 in which the re-
action takes place.

. The stoichiometry of the process is not that expected from the reaction:

NsNO2 + H202 -- * NaNO3 t H20

Only 80-85% of the theoretical quantity of NaWO2 is actually required to com-
plete the decomposition of H202. It appears that simultaneous decomposition
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of H 02 to water and oxygen occurs during the reaction, particularly in the
local area of heating where the NaNO2 drops into the %02 solution. This
divergence from exact stoichiomntry has made the detection of the end point
of the reaction difficult. The addition of excess.NaNO is considered as
undesirable as the addition of too little NaNO2. In orger to destroy excess
NaN02 or excess E202 after decomposition of the peroxide, a 4% solution of
fInO4 is added until the solution shows a permanent coloration due to MnO4 -1.
However, if.large quantities of KMnOu are required-as a result of, failure to
locate the end point closely, the Mn(II) formed from the reaction of DMn04with 390 or NaNO2 reacts with additional DMnO4 to form Mn . Thus, if the
end poln: is not determined accurately, excessively large quantities of KMO4
will be used to react with excess reagent (NalO or * . The presence of2 2large quantities of MnO2 is also considered undesirable since it may clog the
jets in transferring the recycle solution in the Concentration Building.

The moat satisfactory method that has been developed for the determina-
tion of the nitrite - peroxide end point involves an electrometric titration
utilizing a bimetallic electrode system. A pair of electrodes, one of plati-
num, the other 90% platinum - 10% rhodium, dip into the %02 solution. The
small difference of potential between these electrodes is recorded continu-
ously by passing this voltage (generally -10 to -20 millivolts with respect
to the platinum electrode) through a resistance of several hundred thousand
ohms and thence into a continuously recording, photoelectric-type microammnter
(General Electric, Model 80Ec4L21). During the addition of the bulk of the
NaNO very little change in potential i& indicated. As the end point is
apprgached the potential becomes more. positive and at the end point a sudden
increase of potential of +10 to +20 millivolts occurs. With this device the
end point can be located to within less than 0.5% of. the total NaNO2 require-ment (and even as low as 0.1%) and the amount of fMnO added is consequently
quite small.

In actual operation a minimum quantity of 40% NaNO2 is first added.
This quantity is based on the assumption that the solution is 2.25M in H202and plant experience has shown that 80% of the stoichiometric quantity of
NaNO2 is required. The minimum quantity of NaNO2 is computed in kilograms
by multiplying the weight (kg.) of solution in the Catch Tank CT-1 by the
factor, 0.17. The minimum nitrite is added at such a rate that the tempera-
ture is maintained at 22 - 3 00 by the circulation of cooling water through
the jacket of the catch tank. After the minimum quantity of NaN02 has been
added, the 2.lectradbs are pre-polarized by discharging 1.5 volts D.C., for
2 minutes through the electrodes in the H202 solution, with the platinum
electrode being made positive. This pre-treatment of the electrodes is nec-
essary in order that a good end point deflection be_ obtained. The electrode
potential is recorded continuously and additional NaNO2 is added until a
scale deflection indicating the end point is observed. Potassium permanganate
solution (4%) is then added until a permanent coloration appears. The re-
cycle solution is transferred to the recycle cans (F-1) and transported to
the Concentration Building. The average weight of recycle solution per plant
run amounts to approximately 130 kg. (114 liters). This solution is divided
equally among three recycle (F-1) cans.
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Product Purity

The Hanford Plant is committed to deliver plutonium nitrate with a mini-mum purity of 95% based on the plutonium content. The assay method employssolvent extraction of the plutonium from a sample of the solution in the ad-Juatment tank (AT). The plutonium is extracted with hexone (isobutyl methyl
kntone) in the presence of 10 N HN03 . The aqueous phase is evaporated, then
ignited, and the impurities weighed.

The product purity obtained at the end of the first cycle is about 80%.At the end of the second cycle a purity of 95% or greater is obtained.

Disposal of Active Wastes

The wat solutions from the process cells and laboratories containingpossible traces of product are collected in a settling tank (illustrated inFigure 85, Chapter II) and after sampling and neutralization with sodium hydro-xide are jetted :Into a reverse flow well or buried sump.

PROCESS CELL EQUIPM2T

The process equipment requirements of the Isolation (231) Building arerelatively more simple than those of the Canyon and Concentration Buildings.Since .the radiation level is very low (normally 20-25 mr/hr at the outsidesurface of the process hood), direct visual control of the process is employed.Because of the extremely low physiological tolerance for the product, the pri-mary hazard in the Isolation Building is the spreading of product.

To avoid the spreading of product all operations are carried out inclosed vessels installed within a well ventilated hood. A separate room,known as a process cell, is provided for each hood. Five such cells (CellaNumber 1 to 5, inclusive) are provided in the building. An additional smallercell (6-A) is used for the final evaporation of the plutonium nitrate solutionto its safe shipping condition.

The process hoods, eacli 26 feet long, 5 feet wide and 8 feet high, arefabricated from 18-8 stainless steel and glass. All structural members aremade of stainless steel. To these members removable wire-glass panels areattached. The equipment within the hoods is suspended from the stainlesssteel hood frame, with a seamless stainless steel pan provided with a sumpconstituting the bottom of the frame. This arrangement is convenient bothfor the inspection and washing of all surfaces. (For a view of this equipmentsee Figure 8i, Chapter II) For details regarding the 26-foot processing hoodssee the following blueprints:
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Cal 1 Arrangement H-2-173; H-2-174

C 1 - Process Piping H-2-169; U-2-170

Col I - Service Piping H-2-171; H-2-172

Schematic Arrangement H-2-165

Cels 2, 3, 4 - Arrangement 3-2-218; H-2-219

Cells 2, 3, 4 - Process Pipibg H-2-220; H-2-221

Cells 2, 3, 4 - Service Piping H-2-222; H-2-223

Cells 2, 3, 4 Schematic Arrangement H-2-224

Cell 1 - Head End and Scale Tank 3-2-350

Cells 2, 3, 4 - Eead End and Scale Tank - H-2-225

Process Vessels

The process vessels are fabricated from 25-12 Cb-stabilized stainlesssteel. All pipe lines carrying the product are 1/2-inch standard pipe sizeand are also made of 25-12 stainless steel. Stainless steel (18-8) is usedfor the service piping. The use of 25-12 stainless steel is directed towardminimizing the contamination of the plutonium solutions due to corrosion pro-ducts. The design of the individual vessels has been based on providing thegreatest possible simplicity constistent with operational procedures andavoiding the spread _of product. Whenever possible, the vessels have top inletand diEbcharge connections to avoid leakage. The fixed connections to the ves-sels are made by welded, screwed, or gasketed flange fittings. Movable con-nections are made through water seals.

Nearly all the vessels are provided with neutron acceptors because oflimiting mass considerations. These acceptors consist of pipes and hollowagitator shafts and discs loaded with 10% cadmium - 90% lead shot. The pro-cess vessels are also equipped with vents so that all vapors and sprays mayfirst be collected as nuch as possible in a trap (VR-1) before being exhaustedthrough the filter box in the ventilating system.

The following enumerates and briefly describes the various vessels. Thearrangement of these vessels is shown in Figure 3. Details drawings of severalof the vessels are illustrated in Figures 4 and 5.

Vessel umber F-1

This vessel is used to transport the 1-10-P solutions from the Concentra-tion .Buildings to the Isolation Building and to return recycle solutions to
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the Concentration Building. For this reason the vessel is also known as the
"recycle can". The F-1 Vessel is placed within an outer "carrier" vessel
during traf-sportation. The carrier vessel has a completely removable head
which is held in place with hinged clamps. The carrier has attached stainless
steel skid&&in order that it may be lifted and carried with a standard manually
operated lift truck.

The inner vessel has one opening in the top, the inner edge of which is
accurately beveled. This opening is closed with a clamp-operated, spherically
ground plug, thus providing a liquid-tight, metal-to-metal seat. The opening
and the area over which the plug travels is encloed within a well on the top
of the vesael. This limits the area over which any leakage may spread and
further allows any leakage to be flushed into the vessel. Both the inner and
outer vess';s are equipped with slots or eyes for engaging hoist hooks. (see
Figure 68,Chapter II for an illustration of this vessel).

In operation, the combined vessels are carried into the process cell.
The inner vessel is lifted from the outer vessel by a travelling chain hoist.
A hinged panel is opened at the end of the process hood and the inner vessel
is carried within the hood by the travelling hoist. The vessel is then raised
in place under the intake line to N-l'(or the descent line from WR-1). (For
details regarding this vessel see Blueprint No. D64263).

Vessel Number N-1

This nutache filter is used for the filtration of the F-10-P solution.
It has a total capacity of 39 gallons or 148 liters with working capacity of
60 liters. The vessels consist of a simple nutsche-type filter fabricated
from 25-12Ltainless steel in which a fused, porous alumina plate (Filtros
Type E - Fine Porosity) is seated on a Koroseal gasket against an irtegral
stainless steel plate. Filter aid (Hyflo-Super-Cel) is added to the vessel
as a water slurry through a feed funnel. Under normal operating conditions a
30-liter charge filters in about 15 minutes. The filtrate passes to the
Vacuum Receiver MR-l.

When the filtration rate slows down to an unsatisfactory level, the fil-
ter cake can be backwashed with distilled water, a connection being provided
to the lower section of the filter. Lines are provided to allow the removal
by jetting of backwash solutions from the upper or lower sections to F-2.

The-vessel is provided with a disc-type agitator, the shaft and disc of
which are filled with cadmium-lead shot. The covet plate of the vessel con-
tains a glass illumination port as well as a sight glass. The agitator shaft
enters through a water.seal in the cover. (For details regarding this vessel
see Blueprints No. D-64458, H-2-194, H-2-143 and H-2-185).

Vessels Number N-1, WR-1, PR-l, WR-2, PR-2

These ldentical vessels-are -acuum receivers (Fig. 5) used to transport
product and waste solutions from tank to tank. They have a total capacity of
20 gallons o'r 76 liters with a working capacity of 45 liters. The movement of
solutions from N-1, P-1, and P-2 depends upon lifting them by vacuum to a
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receiving vessel. From the receiving vessel the stlution is dropped by
gravity to the next appropriate vessel.

The inlet to the vacuum receivers is made through a tangential nozzle
which prevents splashing and possible entrainment of product in the exhaust
to the ventilating system. The bottom of the vessel is elliptical to allow
good drainage from the vessel. Vacuum is produced by air and water jets.
NR-1 and PR-2 are operated by air jets because of the necessity of obtaining
higher vacuum in conjunction with the N-1 and t-2 Filters. WR-i, WR-2 and
PR-1 emplofwater jets. A weight-loaded relief valve is provided in the cover
to release the back pressure in the event that a jet discharge line should be-
comn plugged. A set of four neutron absorber rods consisting of 1/2-inch pipes
filled with oadmium-lead shot is attached to the cover of each vessel. (For
details regarding these vessels see Blueprint No. p-65228).

Vessels Number P-1, P-2

These two identical vessels are precipitation tanks (Fig. 4). They have
a total capacity of 22 gallons or 83.5 liters. Working capacity is 60 liters.
The tanks have both side and bottom jackets. The side jacket is served with
chilled water for cooling during precipitation and settling of the peroxide
precipitate. During dissolution of the peroxide precipitate steam is passed
into the bottom jacket to bring the temperature to 55 - 65 0C. Following
dissolution the solution is cooled by passing chilled water into the side
jacket.

The cover provided for these vessels is equipped with numerous intake
and discharge lines as well as agitator and movable decant line openings.
Illumination and eight ports made of glass and solution samplers are also
provided. The cover is bolted to the tank and sealed with a Koroseal gasket.
The product solution enters through a pipe line which is sealed into the cover
by a threaded bushing. The angle of discharge is such that the liquid strikes
the wall tangentially and flows down the side wall. Chemical additions are
made through a funnel-opening in a valved line. The discharge of this line
is directed toward the agitator shaft. This assures good distribution of
reagents and flushing of the precipitate from the upper surface of the agi-
tator shaft and disc. The supernatant and wash decant line enters the
vessel through a water seal. Such an arrangement is required to allow ver-
tical movemsnt of the decant line. Movement of the decant line is controlled
by a screw lift. A *bulle-eye* sight glass is located in the decant line so
that any turbidity in the decant solution may be observed before significant
quantities of precipitate are withdrawn. The disc-type agitator (filled with
cadmium-lead shot) also enters through a water seal. The purpose of these
water seals is to prevent the escape of mist or spray from the vessels. In
addition to the neutron absorber in the agitator four filled rods attached to
the cell cover project into the solution.

With the exception of a bulk-sampler connection on P-1, both vessels have
the same accessory equipment. This consists of a liquid weight indicator, re-
cording thermometer and combination sampler and liquid level indicating de-
vice. (For details regarding these vessels see Blueprints D-64468, H-2-130A,
1-2-130-B, 1-2-188 and U-2-185)
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Vessel Number N-2

This vessel is a smaller nutsche type filter used for the filtration of
the dissolved peroxide precipitate from P-i. It has a total capacity of 8
gallons or0 liters. Working capacity is 20 lites. There are only four
pipe connections to the vessel; product inlet, top backwash draw off line,
chemical feed, and combination product and bdttom backwash discharge. The
disc-type agitator enters the cover through a water seal. The agitator shaft
and disc filled with cadmium-lead shot are the only neutron absorbers in this
vessel. The cover of the vessel also has illumination and sight ports. A
recording thermometer is also connected to the vessel.

The ctfstruction of this vessel differs from-all others in that the body
of the vesel is split into two parte. The filter plate support ring is held
between theflanges of the upper and lower sections. To remove the filter
plate it is necessary to drop the lower section of the vessel and remove the
filter plate support ring. A Filtros Grade E, fine porosity fused alumina
filter is Reed. (For details regarding this vessel see Blueprints D-64900,H-2-195, R-P-144 and H-2-185.

Vassel Number PR-3

This vacuum receiver vessel is used to transfer the plutonium nitrate
soltdion from P-2 to the still, S-1. The receiver also functions ae a con-
stant volume tank for charging S-1. It has a total capacity of 9.03 liters
In CfIl 4,Thnd 9.345 liters in Cell 3. An overflor line discharges any excesssolution into the solution tank (ST-2). Two fixed-inlet lines enter through
the cover e-o that eolution can be drawn from either P-2 or ST-2. Four absorber
rods are provided in the vessel. (For details regarding this vessel see Blue-
print H -- 204).

stilTl 1

The s_111, S-1, is used for the concentration of the plutonium nitrate
solution obttined fro'n the dissolution of the second peroxide precipitate.
It hoe a tdLta capacity of 5,5 gallons or 20.8 liters. Working capacity is
1' llters. -Steam heat is supplied through a bottom jacket operated at 50
lbs./eq.inwtpressure. Since the operation is an evaporation rather than adIstIlli 4

,on, an open colu'm consisting of a 3-foot length of 3-inch 25-12
&diqanlpe a-fel pipe is adequate for the separation of entrained materials.
A simple, pnriell-l-downflow condenser, consisting of a 2-inch, 25-L stain-
less ateelitne is used. The entire system including the condensate receiver,B-I, is cloeed. Non-condensable gases are drawn off through the ventilation
saste-a. The volume of solution remaining in the still is determined by sub-t-ricttng th condensate volume in R-i from the known charging volume and
appliyinE rn-emirical correction. The condensate in R-1 is jetted to F-2from which T may be sent to waste.

The still pot of S-1 contains a neutron absorber in the form of a "spider".
This consiats of atrIangle made of stainless-steei pipe resting on short
legs. The pipe is filled with cadmium-lead shot. A recording thermometer isalso connected to the still pot of S-1. (For details regarding this vessel see
Blueprint D-64497).
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Vessel Number SR-1-

Thisvacuum receiver vessel is used to tran tfer the concentrated plu-
tonium nitrate solution from S-1 to the adjustment tank (AT). It has a
total capacity of 1.8 gallons or 6.8 liters and a working capacity of 2 liters.
SR-1 is a cylindrical vessel with a sloped bottom. Solution from S-1 enters
through the top through a tangential nozzle. Another line entering through
the top of the vessel allows the transfer of product solution from a sample
can into SR-l. Vacuum is'supplied by a water jet. The solution in SR-1 is
drained into AT tank or may be transferred into the solution tank (ST-2).
No neutron absorbers are provided. (For details regarding this vessel see
Blueprint D-64861).

Vessel AT

The adjustment tank (AT) is a small vessel of 0.72-gallon or 2.73-liter
total capacity with a working capacity of approximately 2 liters. Its original
function (and-hence, the name) was to allow the adjustment of the plutonium ii-
trate solution to a, fixed concentration. At present it Ls used for sampling
purposes.; The_ cover of the vessel is provided with a chemical feed line (not
used at present), a sight port, a vent line, a hand operated agitator and a
gate valve for sampling (the valve is opened and a pipette inserted into the
tank). Inside the vessel a calibrated scale for volume measurements is also
provided.. The tank is filled and drained through pipes which enter through the
bottom. The bottom has a slight slope to improve drainage. The solution in
the AT tank may be transferred to the weigh tank (WT) or the solution tank
(ST-2). No neutron absorbers are present in this vessel. (For details regard-
ing this tank see Blueprints H-2-148-A,B,C, and H-2-215).

Vessel WT

The weigh tank (WT) is a freely floating vessel suspended from a balance.
It has a total capacity of _0.9 gallons or 3.4 liters and a working capacity of
2 liters. The inlet and vent lines are rigidly supported and enter it through
water seals which allow the movement of the tank. The tank drains through an
outlet pipe located at the lowest edge of the steeply sloped bottom. In drain-
ing, the sample can is raised into position under the outlet pipe. '(For de-
tails regarding this vessel see Blueprin'tsNumber H-2-131, H-2-199).

Sample Can

The sample can is the final shipping container for the plutonium. This
container (made of 18-8) is a small cylindrical vessel with a spherical bottom.
The total capacity is about 1.2 liters and has a maximum working capacity of
about 1 liter. A threaded plug containing a small vent fits into the neck of
the vessel. Above this plug a special cap containing a filter medium (Johns
Manville, Chemical Warfare Service Specifications 197-54-249) is fitted. The
filter mndsum is held in place by wire screens. A small nozzle extends from
the top of, the cap. The purpose of the vents and of the filter medium is to
allow the release of gas pressnre which is generated within the vessel. A
pair of trunion pins extend from near the top of-the container. These pins
are-used for supporting the sample can within the hood.
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The sjle can is placed in an outer cylindrical container for transpor-
tation. Te outer container has a large flat base. It is also provided with
a lid held in place with thumb screws, and. a handle.

The sample can in its shipping container is illustrated in Figure 84
Chapter II. (For details regarding this sample can see Blueprint No. D-64837).

Vessel CT-i

This is a catch tank (CT) and is used for the decomposition of % 02 in
the peroxide supernatants. It has a total capacity of 53.5 gallons or 203
liters and a working capacity of 180 liters. The vessel is jacketed completely
on the sides. Cold water is circulated only. The tank is equipped with sight
and illumination ports, agitator, chemical feed line, sampler, and the bim-
tallic electrode system (previously described) enclosed in a standpipe. (For
details regarding this vessel see BlueprintsNo. H-2-202, H-2-130 and H-2-185).

Vessel CT-2

This vessel is a spare catch tank, smaller than CT-1 and of the same size
and general appearance as .P-1 and P-2. It has a total capacity of 22 gallons
or 83.5 liters and a working capacity of 60 liters. It has no movable decant
line. CT-2 is used occasionally for Z202 decomposition. Since no electrode
system is provided, the end point of the reaction is determined by noting the
behavior of small additions of KMnO4 to the solution. If effervescence is
observed, indicating excess %P02, more NaNO2 is added, until further additions
of KrbtO 4 indicate that all H02 is destroyed. (For details regarding this
vessel see BlueprintsD-64468, H-2-130, H-2-188, and H-2-185).

Vessel ST-2

This id a small vessel having the same general features found in the other
vessels, that is, agitator, sight and illumination ports and a sampler. It
has a total capacity of 7 gallons or 26.5 liters and a working capacity of 18
liters. ST-2 serves the general utility purposes of a holding tank and of re-
turning various solutions from the final part of the process to earlier parts.
Thus, ST-2 collects the overflow from PE-3, and S-1 and AT may be drained
into it. From ST-2 solutions may be returned to either PR-1, PR-2 or PR-3.
(For detais- regarding this equipment-see BlueprintsD-64471, H-2-193, H-2-140,
H-2-185)

Vessel R-1

The condensate receiver (P-1) is a displacement type vessel used to collect
and measure the volume -of distillate from S-1. It has a total capacity of 10
liters which also is its working capacity. The vessel consists of an outer
glass vessel in which a large stainless steel cylinder rests. Hence, although
the overall size of R-1 is quite large, the distillate (about 9 liters) fills
only a small ring between the steel cylinder and the glass wall and the volume
may be read from a calibrated scale with good accuracy. No sapler is incor-
porated inR-1. The distillate may be discharged to F-2 for sampling and dis-
posal. (For details regarding this vessel see Blueprints Number H-2-198,

--
2-145).
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Vessel F-2

This is a large general utility vessel used to collect the back washesof filters N-1 and N-2, and leachings from filter N-1. It has a total capa-
city of 100 liters. The distillate from R-1 is collected in F-2. Washes ofthe hood may be drawn .up from the floor of the hood to be sapled. F-2 maybe discharged directly into the sump tank or into an F-1 container. F-2 isequipped with an agitator, sampler, and sight and illumination ports. (Fordetails regarding this vessel see Blueprints No. D-64467, H-2-197, and H-2 -185).

Vessel Th-l

This is a small vent receiving vessel. Its total capacity is 5.14 gallons
or 19.5 liters and the working capacity is 15 liters. All sprays and condensedvapors are collected in VR-1 before exhausting to the outside. The condensatecollected in VR-1 may be jetted into WR-2. (For details regarding this' vesselsee Blueprint No. H-2-216).

Plans are under consideration for the installation of a filter (N-3)between the still receiver (Sm-1), and the adjustment tank (AT), for the pur-pose of filtering the final product solution prior to final evaporation.

The equipment for the evaporation of the final product solution is illus-trated diagrammatically in Figure 82, Chapter II. (For details regarding thedrying equipment see the following Blueprints H-2-247, H-2-323, E-2-309,H-2-265, H-2-271).

Accessory Equipment

Recording Thermometers

A resistance-type thermometer connected to a recording Leeds and Northrup"Thermohm" Micromax is employed. Four-point micromaxes are used so that twoof these instruments are sufficient for each process call. The thermometerwell, in which the resistance element is located, is attached to the vesselcover with a threaded bushing. The lower end of the well extends nearly tothe bottom of, the vessel so that it is possible to determine the temperatureof all procesa solutions. The upper end of the thermometer well extendsthrough the hood panel.

Manomsters

The weight of solution in the various vessels is determined by a mano-meter system. A 1/8 inch pipe extends to the bottom of the vessel and a smallflow of air is passed through the pipe. The liquid head is read directly onthe manometer and the solution weight is found by reference to a calibrationchart.

Samplere

Sampling of the process vessels is accomplished by means of a verticallytravelling sample cap keyed to a spiral-cut cam. The cam is mounted within
a closed tube which projects above the tank to a point flush with the top of

- 826
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the hood. A sliding plate covers the opening to the tube except when a sample
is being removed. The capacity of the sample cup is about 1 ml. A revolution
counter is connected to the handle of the sampler. Liquid level may be deter-
mined by means of this counter after prior calibration. (For details regarding
this sampler see Blueprints No. H-2-210 and H-2-135).

A bulk sampler is also provided for P-1. A dip pipe (1/4-inch) extends
nearly to the bottom of the vessel. The upper end of the dip pipe is expanded
to contain g valve and a tight fitting ground seat into which the actual sampler
is placed. The sampler consists of a small cylindrical vessel of. 100-ml. ca-
pacity. Valves are located above and below the vessel. A short section of pipe,
tapered to fit the seat provided in the dip pipe, extends below the lower valve.
The sampler is first evacuated by connecting it to a vacuum line and opening
the upper valve and closing the lower valve. When evacuated, the upper valve
is closed, tie sampler connected to the dip pipe, and the lower valve opened to
draw solution into the sampler. The lower valve is then closed and the sampler
removed. A cap is provided to fit the end of the sampler. (For details regard-
ing this saijler see Blueprints No. H-2-214 and H-2-150).

Agitators

All the agitators in the various vessels are powered by slow speed, air
driven motors. The operating speed range of these units is 30 to 120. rev./mn.

Chemic.L Handling

All chimical. solutions are transported from the solution makeup room in
stainless steel containers. These containers have a wide neck (with a lid)
for filling. The solutions are drained through a valve located at the bottom
of the container. The containers are brought into position and supported
during draiing on travelling chain hoists. The solutions drain into the
vessel through a feed line equipped with a funnel and valve.

(oo.Ling Water

The process cell is provided with cooling water of two temperatures 20
and 5 00. The 50 water is supplied from a refrigerating system. The 20 raw
water is used in the operation of the still.

Valve Packing

All valve stems in the proceqsing cells are packed using blue African
asbestos lub-ricated with a non-saponifiable grease (Merco-Nordstrom 147
Special Lubricant). This packing has been found to hold up well in practice.

- 827 -
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APPENDIX

FLOW BEET

Table III on the following pages gives the flow sheet of the isolation
process as practiced about September 1, 1945.

LOG BEETS

Following the flow sheet is given a complete set of operating log sheets
for the isolation process. These log sheets in themselves constitute the
detailed operation instructions for the process.
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APPENDIXDECLASSIFIED
TABLE III

ISOLATION FLOW SHEET

Building 231

A. Filtration of 7-10-P Solution

1) Receive 34 kilograms (30.3 liters; 8 gal.) of F-t0-P solution in PR
container from Concentration (224) Building.

2) Jet solution from PR container to filter N] containing 1.5 kilogram
precoat of elutriated Hyflo-Super-Cel.

3) Ad a slurry containing 30 grams of elutriated Hyflo-Super-Cel in 200
ml. of water.

4) Filter by suction, drawing filtrate to vacuum receiver NE-1.

5) Rinse lines from PR to NR-i with 500 grams (485 ml.) of 6% 'a' .

6) Drop solution from NR4l to precipitator P-1.

7) Take P-1 sample for production assay and acidity,

B. Pre-Reduction

1) Add 1.85 kg. (1.5-1.) of 42% (NH 4 ) 2 S04 .
2) Adjust temperature to 25 00.

3) Add 600 grams (510 ml.) of 30% (1h4)2s03.

4) Agitate for 30 minutes.

5) Adjust acidity to a value between 1.8 and 2.2N with 60% HNO3 or
25% KOH.

Solution Composition (in P-1)

Kilograms

Product 0.375 1.0
La(NO)33 2.2 5.75
KNO3 (estimated) 0.5 1.3
(NH4 2 SO4  0.78 2.0
(N 4 )2 303  0.18 0.45
RHO 3  3.87 10.1
H20 30.4 79.4

Total 38.3 (34 1.)

- 830 -
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C. First Precipitation, Decantation, and Washing

1) Adjust P-1 solution to 20 00.

2) Add 15.75 kg. (14.o 1.) of 30% %02 over a 20 to 30 minute period.

3) Agitate for 1 hr. at 20 00.

4) Cool P-1 solution to 6 00.

5) Allow slurry to settle for 2 hours at 6 0 (.

6) Draw supernate from P-1 to vacuum receiver WR-1, lowering decant line
sloily through maximum distance without disturbing settled solids.
(Heel about 20-25 ml./g. product).

7) . Drop supernate to catch tank CT-1 and hold at 7 00.

8) Add 6 kg. (6-1.) of 2% H2S04 to P-1.

9) Agitate for 5 minutes.

10) Allow solids to settle for 1/2 hour.

11) Decant to WR-l.

12) Repeat item 8.

13) Repeat item 9.

14) Repeat item 10.

15) Repeat item 11.

16) Repeat item 8.

17) Repeat item 9.

18) Repeat item 10.

19) Repeat item 11.

20) Drop washes from WR-i to CT-1.

- 831 -
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Solution Coosition (in CT-i)

Product
La(N03)3
KNO3
(Q )2504

(N 2SO3

T 202
20

Total

D. Dissolution

Kilograms

0.005
2.1 i4
0.49
0.75
0.17
3.77
0.36
4.2

51.8
63.8

and Filtration

1) Add 2.3 kg. (1.72-1.) of 60% m1o3 to P-1.

2) Heat slowly (over 30 minutes) to 60-65 D.LASSIF
3) Hold at 60-65 00 for 1 hour.

. 4) Cool to 25 OC.

5) Transfer solution from P-1 to vacuum receiver PR-i.

6) Add 5 kg. of 1.2% HN0 3 to P-1 and agitate for 5 minutes.

7) Draw wash from P-1 to PR-1.

8) Drop to filter N-2.

9) Add a slurry containing 20 grams of elutriated Hyflo-Super-Cel in
100 ml. of water.

10) Filter by suction, drawing filtrate to vacuum receiver PR-2.

11) Drop solution.from PR-2 to precipitator P-2.

Solution Composition (in P-2)

Kilograms

Product- 0.370 2.37

L(N03)
(N14)24
KNO3

H20 o
Total

0.06
0.025
0.01
1.14

13.99

15.6

0.39
0.16
0.06
7.31

89.71

(14.3-1.)

- 832 -
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0.1
3.35
0.77
1.17
0.27
5.91
0.56
6.58

81.2
(58.5-1.)
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E. Second Precipitation, Decanting, and Washing

1) Add water to bring P-2 solution weight to 16 kg.

2) Adi 400 grams (220 ml.) of 96% 80j14 to P-a.

3) Cool P-2 solution to 20 00.

4) Add 8.0 kg. (7.2-1.) of 30% E202 to P-2 over a 20 to 30 minute period.

5) Agitate for 1 hour at 20 00.

6) Cool to 6 00.

7) Allow slurry to settle for 2 hours at 6 O0.

8) Draw supernate from P-2 to vacuum receiver WR-2, lowering decant line
slowly through mximum distance without disturbing settled solids.
(Heel about 20-25 ml./g. product).

9) Drop supernate to CT-1 and hold at 7 00.

10) Ad&-6 kg. (5.85-1.) of 6% HNO3 to P-2.

11) Agitate for 5 minutes.

12) Allow solids to settle for 1/2 hour.

13) Decant to WR-2.

14) Repiat item 10.

15) Repeat item 11.

16) Repeat item 12.

17) Repeat item 13.

18) Repeat item 10.

19) Repeat item 11.

20) Allow solids to settle for 1 hour.

21) Decant to NR-2.

22) Drop washes from WR-2 to CT-1.

833 A M
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Solution Composition (in CT-i)

Product

La(NO3)3
KN03
(N;)2SO4
%S,04

H202
%20

Total

Kilograms

0.001
0.057
0.01
0.024
0.364
1.96
2.14

29.6

34.4

0.003
0.17
0.03
.0.07
1.16
5.7
6.97

85.9

(32.5-1.)

F. Dissolution and Transfer to Still

1) Add 2.73 kg. (2.0-1.) of 60% HNO3 to P-2.

2) Heat slowly (over 30 minutes) to 55-60 .

3) Hold at 55-60 00 until precipitate dissolves.

4) Cool to 25 00.

5) Draw solution from P-2 to vacuum receiver PR-3.

6) Add water to PR-3 to bring volume to 9 liters.

7) Drop solution from PR-3 to evaporator S-1.

Solution Composition (in s-1)

DECLSSIFIED

Sb
Product
HNO

La(NO3 )3
H20

Total

Kilograms

0.369
1.44
0.02
0.001
0.003
8.87

10.7

3.45
13.5
0.19
0.01
0.03

82.9
(9-1.)

G. Concentration and Sample Can Loadina

1) Evaporate to 1.67 liters in S-1 as indicated by volume of condensate
reaeived in B-1.

a) Cool solution in S-1 to 50 OC.

- 834 - m
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*& 3)

4)

5)

6)

7)

8)

9)

Total 1.18 (0.71-1.)

Evaporation in Sample Can

1) Connect SC to final evaporation equipment.

2) Bring SC to 125 00 by glycerine bath.

3) Collect a volume of condensate calculated to leave 390 grams
of semi-solid in SC.

4) Cool SC to 'room temperatures, pack, and ship.

Composition of Material in SC

Product Nitrate

RHNO

La(No3 ) 3
Total

Kilograms

0.326
0.053
0.009
0.0004
0.0013
0.390

- 835 -

Draw solution from S-1 to vacuum receiver SR-1.

Drop from SR-1 to "adjustment tank" AT.

Sample solution in AT.

Drop calculated weisht of solution from AT to weigh tank WT.

Drop solution from WT to sample can SC.

Transfer condensate from R-1 to receiver 1-2 by steam jet.

Sample and dispose of solution in F-2.

Solution Composition (in SC)

i Kilograms

Product nitrate 0.326 27.7
HN03 0.58 49.3
E2SO4 0.009 0.76
(NH4)2SO4 0.0004 0.03
La(NO3)3  0.0013 0.11

10 0.26 22.1

I FIED

FH. inal

83.6
13.6

2.3
0.1
0.3

(0.19-1.)
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I. Treatment of Combined upernatant Solutions in CTi

1) Add 44.8 kilograms (39.4 liters) of 20% NaN 2 at a rate to keep
temperature below 25 O0.

2) Polarize bimetallic electrode system with platinum positive.

3) Add additional 20% NaN02 (assume 12.5 kg. or 1-1.) slowly until

recoi'ding photoelectric microamiwter shows sharp deflections
indicating all H202 destroyed.

4) Add 4% anio 4 (assume 4 kg. or 4-1.) until a permanent pink color
indicates excess nitrite destroyed.

5) Sample solution in CT-1 to assay recycle.

6) Transfer solution to 224 Bldg. via WR-i and RC containers.

Solution Composition (in CT-_i)

Product
La(NO

3 )3KNO3
(NEh) 280 4
H2s04
HNO3
NaNOT
Mn( 83)2
H20

Total

Kilograms

o.0o6
2.2
0.6
0.94
0.72
5.6

14.1
0.18

142.7
167

-I-
0.0036
1.3
0.36
o.56
0.43
3.35
8.45
0.11

85.4

-(149-1.)

ECLASSIFIED
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Source
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231 BUILDING PROCESSING

Ru No. - -

Date Started
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ISOLATION OPERATIONS
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Time

Code

Beckman Survey

Cell No.

Time

DateAT assay received Time

PEARh3

IECLASSIFIEI

S

0
V
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Date
Run No.

I - FIRST CYCL_ - RECEIPT OF SOLUTION

1. Receive product solution
from Vault "A"

2. Obtain-Beckman and Sandy readings
on PR container.

II - FIRST CYOLE_ - FILTER CAEE IN N-1

Leave the filter cake undisturbed. We will
continue to use this filter cake for subse-
quent runs until need for a change is indi-
cated. When this occurs, use regular log for
"Backwashirrg and Precoating N-1".

HW-10475-C

ISOLATION OPERATIONS

1. Date
Time
Loaded Wt.
Uiloaded Wt.
Net Wt.

2. Mr/hr.
S-ndy.
Time_

DECLASSIFIED
III - FIRST CYCIE- FILTRATION

1. Check sRate of system. Simulate trans- 1.
fer of 3olution from N-1 to NR-1 and
dropping solution to P-1. If a signifi-
cant apibunt of solution (1 Liter or more)
is carrled to P-1 do not proceed until
Seniortupervisor has been advised.

2. Transf6ir solution from F-1 to N-1.
Sol'n Start transfer with steam jet, then,
Transfer allow the solution to siphon from F-1

to N-1
AGITATQ AT REST - NO VACUUM ON NR-1.

Filter
Aid
Add In

Filtra
tion

-2.

3. Prepare- filter aid by slurrying 30 gms 3.
of elutriated filter aid in 200 cc of
H2 0. Add to N-1 via funnel. Rinse
funnel with about 50 ml of water.

4. Filter from N-1 to NR-i using full 4.
- vacuum.

5. Add 500 Aa of 6% ENO3 to F-1 via funnel.5.
Rinse funnel with about 50 ml'f water.

6.6. Transf6r wash solution from F-1 to
N-1 with steam jet.

Syitem checked

Time start

Time end

Wt. of slurry added:

Time start
Time end

Wt. 6% BN03 added

Time end

231-2 R 10/4 3

8 -- - -- - ---
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Date
Run No.

III - FIRST CYCZ - FILTRATION (cont'd)

7. Draw wish from N-i to NR-i

8. Protect delivery line with drip pan.

9. Add water to liquid seals on P-1.

10. Drop filtered solution and washes fromlO.
NR-i t P-1.* Start agitator and run
at 30 RPM.

11. Agitat for 5 minutes at 30 RPM.
Take _Beckman reading on P-1.

12. Take ajtulk sample consisting of at
P-1 least 1O grams of solution.
Sample

a. Check that sampler is clean and
dry.

b. Insert sampler into dip pipe
cofrnection. Attach rubber bulb
blower and force air through
sampler and dip pipe.

c. Take tare wei.ght of sampler.

d. Evicuate sampler. Insert into
dip pipe connection and withdraw
saMler.

e. Take gross weight of sampler.

f. Fill out a sample label tag.

. Time end.

8. Done by.

9. Dorce by

Time end_.
Sangpler Turns
Soln Volume
Man. Rdg.
Sodn Wt. in P-1 Kg

11. Beckman

12.

a. - Checked by

r. -Tare Wt. gm

e. Gross Wt.__ P

Net Wt. _gm

f. Time done

Serial No.

DECLASSIFIED

231-3 R 1045 - 839 -



Date

IV - FIRST CYCLE- PRE--PEDUTION

1. With agtation at about 80 RPM, I

add 1.85 Kg of 42% (N44) 23 04.
(Ammonium sulfate)

2. Adjust temperature to 2500 (4200). 2

HW-10475-C

ISOLATION OPERATIONS

DECLASSIFIED

. (NhI 2804 added -Kg

Time end_

* Time start-

Timeaend_

3. Add 600n of 30% pre-reduction.
chemical. Rinse funnel with about

50 ml ot water.

4. continue agitation for thirty
minutes

5. Cool to 200C (f 200).

6. HNO assay reported by laboratory
on hample P-1.

If the assay reported is between
1.8N afrd 2.2W, proceed to Section V.

Adjust If the assay is less than 1.8N, add

Acidity 60% BNO . Quantity of HN03 to be
added ae determined by reference to
chart.

If the-assay is greater than 2.2N,
add 50% IOH. Quantity of KOH to

be added as determined by reference
to chart.

3. Amt. added _ - -@A

4. Time end-

5. Time end

6. N

Sampler Rdg.

Sol-tiC vol.

60 4TO added_ _ _ g

50% KOH added_ _

-- 824o -
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Dat.e
Bur No.

V - FIRST CYCti - PRECIPITATION

ISOLATION OPERATIONS

DEC-SSIFlED
1. Determine initial solution

weight and volume in P - 1.

Lower decant-line to maximum
Strike depth then raise decant line and

samplet to upper position.

Agitate at 30 RPM anx maintain
temperature at 200C t 200 during
strike,,

If the solution weight is between
35 and&4 0 Kg, add 15.75 Kg (14.0 L)
of 30%%202. If the solution weight
is greater than 40 Kg, add the 15-.75
K9 of 0% H0 2 plus an additional
.50 Kg for each Kg of solution weight
in excffos of 40 Kg. Add the H20 2
over ajperiod of 20 to 30 minutes
at a iiform rate. Rise funnel
with about 50 ml of water.

2. Agitate at 30 RPM for 1 hour at
2000 U 20o).

3. cool to 60c ( 200) with agitation
at about 30 RPM.

4. Stop agitator. Determine final
solutin weight. SHU' OFF LIQUID

Settle LEVEL BUBBLER. Allow to settle
2 houris at & (L 200) .

1. Sampler turns

Initial volume

Man. Rdg.

Initial eight t Kg

Wt._ E202 added Kg

Time start

Tinie end

2., Tife end

3. Time end

4. Man. Rag.

Soln. Wit.

Tine end

r7

231-5 . R 1-8451

a
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Date
Run TNA.

VI - FIRMr CYCLE - fEOJTAa'ION IAND WASH

1.
Decant
Super-
natant

2.

let
Wash

2nd
Was

3rd
Wash

Lower decant line slowly. Dr'aw
supernatant from P-I to WR-l.

Add H20 to liquid seal on CT-l.
Start cooling CT-1 and drop super-
natant from WR-I to CT-1.- Cool
to and maintain temperature at
7 C (+ 3 %C).

3. Take Backman reading on CT-I

4. Add 6 Kg of 2% %SO4 to P-i with
agitator running at 30 RPM during
addition. Agitate for five minutes
after addition.

5. Shut-off agitator. Settle until
supernatant is clear or a minimum
time of -a hour.

6. Lower decant line slowly and draw
supernatant from P-1 to WR-l. De-
cant as far as possible without
disturbing precipitate. Raise de-
cant-line.

7. Add _6 Kg of 2% H2So4 to p-1 with
agitator running at 30 RPM during
addition. Agitate for 5 minutes

h after addition.

8. Shut off agitator. Settle until
supei'natant is clear or a minimum
of I hour.

9. Lower decant line slowly and
draw supernatant up to WR-1 from
P-l. Decant as far as possible
without disturbing precipitate.
Raise decant line.

10. Add 6 Kg of 2% E2So4 to P-I with
agitator running at 30 RPM during
addition. Agitate for 5 minutes
after addition.

HW- 10475-C

ISOLATION OPERATIONS

DECLASSIPIED
1. Time start

Time end

2. Water seal checked by:

MaM. Rag.
Soln. Wt.
Turns on sampler
Volums by sampler

3. Beckman

4. Wt. H2S04 added Kg

Time end

5. Tie end

6. Time end

7- Wt. 22S04 added Kg

Time end

8. Time end

9. Time end

10. Wt. E2SO4 added Kg

Time end

F 10/45 - 842 -231-6
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ISOLATION OPERATIONS

Date

VI - FIRST CYCLE - DECANTATION AD WASH (Cont 'd)
11. Shu off agitator. Settle until 1

supernatant is clear or a minimum
of hour.

12. Lowir decant line slowly and 1draw supernatant up to Wf-1 from
P-l. Decant as far as possible
without disturbing precipitate.
Raise decant line.

13. Drop washes from WR-1 to CT-i. 13Hold-temperature at 700 (t 300).

VII - FIRST CCEUE - DISSOLUTION

1. Chec water seals on P-1. Run
agitator at about 30 RPM.

2. Via chemical feed funnel, add
slowly 2.00 Kg. (1-5 liters) of
60% j3 to F-1,

3. Via Hlk sampler, add 300 gm.
(220oM.) of 60%f BN03 to P-1.

4. Rais6-temperature slowly over aDis- 30 minute interval to 6o-6oo..
solve Hold at 60-65 C until precipitate

is dissolved. (Minimum of_1
hour.-

5. With agitator at 30 RPM reduce
temperature to 2500 ( + 50C)Cool Stop agitator a4d meajure volume
and weight of solution.

D ECL SSIF lED
1. Time end

2. Time end

Time end

Done by,

2. No3 added

3. HN0 3 added

Time @ 6oo

TIme end

5. Man. Rdg ._ _ _ _ _ _ _

Wt. of So 2.'n._ _ _ _ _ _

Sampler turns

Solution Vol.

Kg

~gm

Time start

231-7 R 10/S - 843 -
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ISOLATION OPERATIONS

Date
Run No.

'VIII - FIRST CYCtL - FILTRATION OF 8OLti'ION OF FIRST PRECIPITATE

NOTE: The oxisting bad of filter aid
on tie N-2 plate is not to be

removed until the rate of fil-
tration becomes unsatisfactory.
When necessary use authorized
log, "BaokWashling and Precoating
of tf-2".

1. Transfer solution from P-1
to PR-.

2. Add 5 If. of 1.2% IN03 to P-1.

3. Agitate P-1 for 5 minutes at 30 RPM.

4. Transfer wash from P-1 to PR-1.

5. Check ialves to, prevent filtered
solutikfn from passing to F-2

during subsequent operations.

6. Fill- wter seals on N-2 and P-2.

Lower decant line on P-2 maximum

distande, then raise to upper
position.

7. With both agitation and auction
off, slowly drop solution from
PR-i to N-2.

8. Add 20.0 gms of elutriated filter
aid slurried in 100 ml of H20 to

N-2 via funnel. Rinse funnel
with about 25 ml of water.

9. Apply full suction to N-2 via
PR-2; start N-2 agitator at

30 RPM

10. Drop Eolution from PR-2 to P-2.

11. _Stop N-2 agitator.

DECLASSIFIED
1. Time start -.-

2. Wt. added

3, - Time end

4. Time and_ ,

5. Done by

6. N-2 by

P: 2 by

8. Amt. filter aid

Time added

9. Time start

Time end,

10. Time start

11. Time off

231-8 R 10/45
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HW-10415-C

S -
pate
Run No.

IX - SECOND OYOIE - MECIPITATION

ISOLATION ODERATIONS

DECLASSIFIED
Speoial irregular operation - to Authorized by
be carried out only when authorized
by Senior Supervisor.

Transfer Kg. of solution from Kg. transferred
ST-2 to P-2 via PR-2. Tire end

1. Dilute the solution in P-2 with
distilled water to final veight of
16 ig. ( Kg. when above
special operationz performed.)

2. Add 400 gm. of 9% H2 04. In
addition, add 25 gm of 96% E2SO4
for each tKg of solution in excess
of 17 Kg.

3. Cool-to 20 00 (+ 2 C0 ).

4. Determine solution weight In P-2.

Agitate at 30 RPM, Maintain tem-
perature at 20 OC (+ a 00). Raise
decant line and sampler to upper
position.

If the solution weight is between
15 and 14 kg. add S4 K9. (7.2 L)
of 30 R2@2 . If solution weight

Strike is greater than 18 Kg. add the
8.0 Kg. plus 0.5 Kg. for each Kg.
of solution in excess of 1 Kg.
Add over a period of 20 to 30
minutes with uniform rate.

1. Time start
Water added_ _
Man. Reading
Final seln. Wt.

2. _95% H2SO4 gm

3. -Time @ 20 00

4. MaRdg.

Soln. Wt.

%02 added, Kg

Time start

Time end.

231-9 R 1i/45
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HW-10475-C

ISOLATION OPERATIONS

Date
Run No._-

IX - SECONI CYCLE - PRECIPITATION (ocnt'd)

5. Agitate 'at 30 RPM for I hour at
200C (/ -).

6. Cool tolC (/20C) wIth agitatien
at abour30 RPM.

7. Stop agi ator. Make final reading
of solution weight. TORN OFF
LIQUID TZVEL BUBBLER. Settle for
two hourq. aintaifn temperature
at 600 (t200).

5. Time end

6. Time end

7. Time start__

Man Rdg.

So. Wt.

-r

-11 846 -

Di-
ges-
tion

Sett
ling

DESSIFI

sm

-

11 -

R 10 45231--10



HW-10475-C

ISOLATION OPERATIONS

Run Uo

I - SECOND CYCLE - DECANTATION AND WA DECLASSIFIED
I. Lower decant line slowly and taraw

supernatant from P-2 to WR 2. tecant
as fartas possible without disturbing
precipitate. Raise decant line.

2. Fill water seals on CT-1 tank.

3. Drop stipernatant from WR-2 to CT-1.
Hold teperature at 0 d ( 300).

1st 4. Add 6 hg of 6% ENO3 tot-2.
Wash Agitate for 5 minutes at 30 RPM.

5, Turn off agitator and settle until
supernatant is clear - not less than

hour-minimum t ime.

6. Lower decant line slowly and draw
supernitant from P-2 to WR-2. Decant
as far-as possible without disturbing
precipltate. Raise decant line.

2nd 7. Add 6 Kg of 6% BN03 wash to P-2.
Wash Agitate for 5 minutes at 30 'RPM.

8. Turn off agitator and settle until
supernatant is clear - not less than
1
7 hour minimum time.

9. Lower Aecant line slowly and draw
supernatant 'rom P-2 to WR-2. Decant
as far as possible without disturbing
precipitate. Raise decant line.

3rdIO, Add 6 Ig of '6% BN03 wash to P-2.
Wash Agitate for 5 minutes at 30 RPM.

11. Turn off agitator and settle until
supernrtant is clear - not less
than one hour minimum time;

12. Lower dpoant line slowly and draw
supernatant from P-2 to WE-2. De-
cant as far as possible without dis-
turbing the precipitate. Raise de-
cant ilne.

13. Drop utmbined wash solutions from
WR-2 t3 OT-T. Hold temperature at
700 (g-300) .

231-11 R to/i45 - 847 -

1. Time end

2. Done by_

3. Time end

4. Wt. of fNO3 -
Time end

5. Time start

Time end

6. Time end

7. Wt. HNO3 added
Time end

8. Time start_

Time end

9. Time end

10. Wt. BN03 added

-11. Time start

Time end

12. Time end

-13. Time end

a

ai



HW-10475-C

am
Date
Run No.

xi - SECOI1 oYI -DissonUrioN

1. Read volume in P-2.

2. Secure approval of Supervisor
to proceed.

3. Add H2O to seals on P-2. Bring
agitator to about 30 RPM.

4. Via funnel, add 2.73 Kg (2.00
liters) of 60% BN03 slowly to P-2.

5. Raise temperature uniformly over
a 30 minute interval to 60-650C.
Hold at 60-650 until precipitate
is dissolved. (Minimum of 1-hour)

6. Cool P12 to 250. (4 200). Stop
agitation.

XII - SEOQN CL - TRANSFER TO STILL

1% Measure solution volume in P-2.

2, Open valve in overflow line from
PRr3 to ST,2 It Ao floy occurs
or. when flow stops, olose valve.

3. Transfer solution from P-2 to PR-3.

ISOLATION OPERATIONS

DECLASSIFIED
1. Sampler Rdg.

P-2 Volume

2. Aproved by -

3. HOchecbed
Time start

4. 6o% HNO 3 added

5. Time start

Time at 6000

Time dissolved
6. Time at 2500

Man. Pdg.

S61n. Wt,

1. Sampler Rag.
P 2 Vol.

2, Checked by_

3. Time end

4. Open valve 1n P-3 to ST-2 overflow line.

5, Add 6%BNo3- to P-3 from -y.eighed
reagent can until discharge is
first qbserved on the overloy
line into ST-2. Determine
weight-of 6 EN03 added.

6. Close valve in PR-3 to ST-2 overflow line.

7. Drop solution from PR-3 to S-1. Allow- 7.
solution to drain fox 15 minutes. -

231-12 R 10/45i - 848 -.

5. Initial can Wt.
Final can Wt.
WT. HNO3, added
Overflow checked by

Time start
Time en±d



a
Date
Run No.

xIII - OONCENTRATION

1. After product solution is in S-i,
CLOSE ALL VALVES.

a) Start condenser water.

b) Check contents of R-i.

c) 'Turn steam on S-1 jacket,
purse trap, ahd adjust steam
prebsure to 50 p.s.i.g.

2. -Concentiation of solution in S-1.

a) First drop of condensate over.
svapor-
ation b) Net--condensate volume to be

co4ected in B-I _ L
This figure will be furnished
by the Senior Supervisor.

2. Cool S.-1 to 50OC (+_ 50C)

a) Turn off steam to S-1 jacket.

b) Open by-pass valve around S-1.
steam trap.

c) Turn on water to S-1 jacket.
Regflate water pressure to
20-p.s,1.g. -

d) Turn off water to S-1 jacket.,

4. Turn off water to condenser.
Close by-pass valve -around S-1
steam trap.

HW-10475-C

ISOLATION OPERATIONS

DECLASSIFIED
1 Checked by

a) 'Time start - -

bY R-1 Man..Rdg.

Soln. Wt.

R-1 Scale Rdg.

$oln. Vol.

r) Time steam on

Steam pressure
I -

a Time over

Max. S-1 Temp,

R-1 Man. Mdg.

Soln. Wt.

R.-1 Scale Rdg.

Soln. Vol..

a)

b)

Time off

Done by

c_ H2 0 on
OB pressure

dl Temperature

20 off

4. %2 off

By-pass closed

231-13 R hd/45
"a



HW-10475-C

ISOLATION OPERATIONS

XIII CONCENTRATN (cont d)

5. Transfer product solution from S-1
to SR.l by performing the following
operations in order:

a) Op-en S-1 to SR-1 valve wide.

b) Start SR-1 jet.

c) After 30 minutes, stop SR-1 jet.

d) COose S-1 to SR-1 valve.

6. Transfer product solution from SR-1
to AT. Drain 30 minutes. Close
valve between SR-1 and AT.

7. Take 41cman reading on AT.

8. After-aSitating AT, sample in quad-
ruplicate . Label: AT, Run No.,
SerialNo, Date, Time. Deliver 3
samplei to Laboratory. Store 1
sample-in Yault "B".

9. Record-time AT assay received.

10. Load it-to tared sample cans as
approv5d by supervisor, following
separate log for Sample C(an Loading
and Filal Evaporation. .ocord.
numbets of sample cans loaded.

11. Transfer distillate in R-1 to. F.-2.
Check that F-2 will, hold the charge.

12. Sample-F-2 only when directed by
the Senior Supervisor. Label:
R-1, Date, Time, Run No., Serial No.

13. If total product in R-1 solution
is below specified limit, drop
solutio-n to--tank sump.

14. If tot4 product in B-1,solution
is above specified limit, drop
solution to R.C. vessel.

b)

0)

DECLASSIFIED
Time start

Time stop

6. Time start

Time end

7. Bokmnan

8. Sampled by
Serial No.
AT Scale Rdg.
Vol. in AT

9. Time received

10. Can No.
tin No.
Can No.
Time complete.

11. F-2 checked by

12. Sampled by
Serial No.
F-2 Man. Rdg.
Wt. of Soln, in F-2

13. Senior Supervisor Approval

Time start

14. Time start

R. C. Can No.

Initial H. I. Survey
Tare Weight
Gross Weight
Net Weight
Final H. 1. Survey

231-14 R 1/45 a

F--A
Date_
Run No.

' 850



a
Date
Run No, -

FIRST AND SECOID OYCLE - WASTE HANDLING

HW-10475-C

ISOLATION OPERATIONS

DECLASSIFIED
1. Determinafion of MINIMUM amount of

20% NaNO2 to be-added.
1. Man. Rdg.

nOSolution W t. x .35 Minimum Weight of 20% NaNO2

in. Wt.

x .35 I- g of 20% NaNO2-

In addition to the reagent can containing the minimum addition of
NaNO , an-ther can containing about 15 Kg of 20% NaNO2 is required
for he final NaNO2 addition.

2. With the agitator at 0 RPM and cooling
water to jacket at full flow, add the
minimum quantity of 20% NaNO2 at a rate
such that the temperature is maintained
at 2200 300).

3. After the-minimum quantity of NaNO? has
been added turn rotary switch to PTX"
(postion-4) and leave in this position
for 2 minihes. Then turn to "OF"
(position 3).

4. Plug instrament in, turn rotary switch
to "Sensitivity 2" (position 2) and
chart speA switch to "FAST". Mark
recording chart with Run No. Add
final 20%DiaNO with agitator at,80 RPM.
Stop NaNO2 _addition when chart pen
makes an obvious deflection (0 to 4 email
chart divisions). Add successive small
portions of NaNG2 until a large deflection
indicates end-point. Mark the recorder
chart at points where NaNO2 addition was
started and stopped. Turn switch to "OFF"
position, --nplug connection, and stop
cooling water.

2. NaNO2 addedKg

Time start

Time end

3. Time start

Time end_

4. Timei start

Initial Wt. of
NaNO2 can _Kg

Final Wt. _Kg

NaNO2 Kg

Tine end

231-15 R 10/45 .851



HW-10475-C

ISOLATION OPERATIONS

Date
Run No.

XIV - FIRST AND SOND CYOLE - TEATjENT OF SUPERNAANTS (cont d)

5. With aitator at 80 RPM, add 4 MnO
KlnO4  EMnO 4 until a permanent pink
Add'n color persists. Time end

6. SamplerCT-1 in duplicat&. Label: . Sampi ed by
Sample CT-1-E-1.2 and complete sample tag.

n . , - -- Serial No

MI.

Timi sampled

Soln. Wt.

Sampler Mg.

Soln. Vol.

7. Survey four transfer cans.
Record tare weighth. -

7. Can Nos,

Tare Wts

E. I. Survey-

8. Drop any solution in WR-i
to CT-1.

9. Transfer 45 Kg of solution from
CT to WR-1. Drop solution into
surveyed transfer can. Drop any
remaining heel in WR-1 to CT-1.

8. WR- checked

9. Final Man. Rdg.

Final Soln. Wt.

Can No.

Gross Wt.

10. Transfer 45 Kg of solution in
CT-V-t3 WRE-. Drop solution into
surveyed transfer can. Drop any
remain ing heel in WR-1 to CT-1.

10. Final Man. Rd 5 .-

Final Soln. Wt.

can No.

Gross Wt,.

11. Transfer 45 Kg of solution in CT-1
to WR.-1. Drop solution into a sur-
veyed transfer can. Drop any re-
maining heel in WR- to CT-1.

DECLASS IF lED

ll Final Man. Rdg.

Final Soln. Wt.

Can No.

Gross Wt.

231-16 ' 10A5 o

T:ansfer

IM
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HW-10475-C

ISOLATION OPERATIONS

Date
Run No.

XIV - FIRST AN1D 8ECOD CYCLE - TREATMENT OF SUPERNATANTS (Contd)

12. Transfer balance of solution 2. Final Man. Idg.
in CT-i to WR-l'(Not toexceed
50 KgL. Drop into surveyed Final Soln. Wt.
transfer can. Drop any re-
maining heel in WR-l to CT-1. Gai- No.

Gross Wt.

13. Total weight of solution loaded:

Can NO.

Final . I. Survey

Grossit.

Tare Wt.

Net Wt.

Total ofNet Wts.
-r

DECLASSJFIED

231-17 R 10745
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HW-10475-C

ISOLATION OPERATIONS

Date
Run No.

INSPECTION RECOD - MCHANICAL

Status - New- Returned

Date approved bi H. I. for reuse -____Aproved by.

All OK's should be indicated by date and initials of inspector.

Inspection of Pjrts!
Cl

Can Number No B

1. Body

a. Lover threads

b. Upper threads

2. Adapter Plug

a. Outer threads

b. Inner threads

c. Gasket

3. Breather plug

a. Threads

4. Filter Cap

a. Outer threads

b. Inner threads

5. Retainer rit1g -

6. Filter assembly

a. Two SS screens
Assembled by

b. Two pads of Media

Carrier

1. Lid -
2. Lugs
3. Thumb Screws
4. Drilled base--plate
5. Paint condition
Complete can Oi-for taring

Supervisor

2 31-a R zo/45 - 854

an &
urrs Lubricated

Freeness of
Assembly &
Disassembly

_ DECLASSIFIFO
-v

Date

a

lim

-



HW-10475-C

ISOLATION OPERATIONS

Date
Run No.

I - SAMPLE CAN LOADING AND FINAL EVAPORATION - DETERMINATION OF TAPE WEIGHBTS

A. Weigh the following items after
checking that serial numbers
match arn filter cap assembly
contains filter medium:

1. Baste assembly (sample can,
filter cap assembly without
larg gasket, carrier, cover,
and thumb screws).

2. Temprary plug

3. Adapter plug assembly with
2 CX gaskets but without
temtnoary gasket.

4. Temgp-rary gasket (for adapter

5. Tvo filter cap gaskets plus 3.
seals.

B. Weigh the following assemblies;

1. Part load tare (items in A
and/A2)

2. Evaporation tare (items in

Al, A3, and A

3. Ship-ping tare (items in A1 ,
A 3, And A

C. Make the following pre-loading checks:

1. Check sum of items A1 and A2 against B-1 .

2. Oheck sum of items A,, and A3, & A "B2.

3. Check sum of items A1 , A3, & A5 " B3.

4. Notify u. S. Army representative that
tare weights are ready to be checked.

5. Afteir Army check, place tared temporary
gasket in adapter plug assembly.

6. Secure supervisor's approval to load
can.

-231-A R 10/45 - 85

WEXPET Checked for

BEW USA

CLASSIFIED

plug)

lead

Sum__ Checked by

Sum __ Checked by

Sum -Checked by

Notified by
Time

Done by

Approved by



fHW-10475-C

ISOJATION OPERATIONS

Date -
Run No.

II - SAMPIE CAN LOADING AND FINAL EVAPORATION - FIRST LOADING

A. Solutio_ transfers

1. Fill the weigh tank seal with water. 1. flon

2. Pla-s spare -eipty sample can in load 2. -Don
position. Open WT discharge valve
andaallow to drain for 10 minutes.
Close WT discharge valve. Lower the
can Cover the open end of the dis-
charge line with cup protided. Place
spare sample can in support stand.

3. WitR the hook, place the can to be
loaled in the loading position.

4. Check freedom of weigh tank. Check 4. Don
thE& weigh tank discharge valve is
closed. Zero the weigh tank scale
by adding weights.

NOT4: The following tables in Item It
may contain figures from both Item II
(First Loading) and Item III. (Supple-
mentary Loading). The final net. weight
of solution charged is indicated separ-
ately in Items II and III.

" by

3 by-

DECLASSIFIED
e by

5. fecprd initial WT scale reading at item "'," below. Without
agitation drop calculateA7wight of solution from AT to WT. -Any
amotnt remaining in AT should be dropped to another weighed can

as soon as possible.

6. Rec6rd Volume Dropped from AT

ITEM II ITEM III

(a Initial AT reading

(b) Initial AT volume

(a) Final AT reading

(d) Final AT volume

(a-) Total-volume dropped from AT

231-B R io/k5

am
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HW-10475-C

ISOLATION OPERATIONS

i Date-
Run No.

II - SAMPLE CAN LOADING AND FINAL EVAPORATION , FIRST LOADING (Cont'd)

A. Solution transfers (conttd)

7. Redord Weight Received into WT

Item II

DECLASSIFIED
Item III -

Weights added to Pan (1).

(2)

(3)

(4)

(6)

(7)

-(8)

(9)

(10)

(a) Total

Item II Item III

j(b) Initial Scale Reading

(c) Final Scale Reading

[d) Difference in Scale readings

Le) Total weight in WT (a-. d),

*Add (d), if Final (c) is larger than Initial (b); subtract (d) if
Final (c) is smaller than the Initial (b).

231-C R O/S 857



HW-10475-C

ISOLATION OPERATIONS

Date
Run o._-_

II - SAMPLE CAN LOADING AND FINAL EVAPORATION - FIRST LOADING (Cont 'a)

A. Solution Transfers (Contid)

8. Drop solution from'WT to sample can.
Allow system to drain for 30 minutes
bfore recording weight left in WT

(use following table).

Ite-m II

-= -

DECLASSIFIED
Item III

Weights Remaining on Pan

(a)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Total

(b) Initial scale reading (Copy
from Tb)

(c) Final scale reading
(after drop)

(d) Difference in scale
readings

(e) Total weight remaining in
WT (a+ d)*

R 1OA5

*Add (d) if Final (c) is larger than Initial (b); subtract (d) if
+Final is smaller than Initial.

- 858 -231-D 00



HW-10475-C

ISOLATION OPERATIONS

Date.
Run No.

II - SAMPLE CAN LOADING AID FINAL EVAPORATION - FIRST LOADING (Cont'd)

A. Solution transfers (cont'd)

9. Rec'5rd Weight Loaded to Can

Item II

10. Lower sample can.

11. Cover open end of weigh tank dis-
charge line with cup provided
Plsce sample 'cai in holder.

12. If-7nother loading must be made
before evaporation, open hood
door and insert temporary plug
in sample can.

13. If an is ready for evaporation,
use wrench to install adapter
pluIg assdmblj in sample can.

14. Survey the sample can.

15. With supervisorIs approval,
install filter cap assembly
(without gaskets) on can loosely.

16. With hook, remove can and place
into carrier, Bolt carrier lid
in place.

231-3 R 105 -859-

DECLABSIFIED
Item III

10. By

11. By

12. Temporary plug inserted by

13. Adapter plug installed by

14. Remarks

15. Approved by

16. By

(a) fotal weight receiyed in WT
(copy from 7e)

(b) otal weight remaining in WT
(copy from Be)

(c) Weight loaded to can by diff.
-b)

(d) Total weight loaded to can: Item II & III

go



HW-10475-C

ISOLATION OPERATIONS

Date
Run No, -

II - SAMPLE CAWLOADING AND FINAL EVAPORATION - FIRST L0ADING (Cont 'd)
B Determination of Weight Loaded

1. Record initial scale reading on line (b) below.
Then, with caution to avoid splashing
of contents, place assembly on bench
scale and weigh. (If another loading
is tequired before evaporation,
assdmbly consists of can, filter
capassembly without large gaskset,
temporary plug, carrier, cover,
and-thumb screws. If can is ready
for-evaporation, assembly consists
of can, filter cap assembly with-
outflarge gasket, adapter plug
assembly with temporary gasket,
caritier, cover, and thumb screws.)

Weighing checked by

2.

3.
4.

110.

(a) Total Wts. on Pan

Wtse. on Pan
First Weighin Weighing Prior

to loading in
Item III - -

2-

3 S

4.

5.

6.

7.
8-

9. .

1.

2.

3.

4.

5.

6.

7.

a.

9.
S

110.

-(na)_____
(b) Initial scale reading (bb)_

(c) Final scale reading (cc)

(d) Difference in scale
reading. (dd)

K

(e) Totgl Wt. of Can
- (at d)* (so)

Copy tare weight from item IBf if temporary plug is in can or from
item 1B2 if adapter plug assembly is in can_
Determine net weight of solution charged (IIle-IIB2)
(a)_-_If sample can is ready for final evaporation, transport to

- Boom 6A on rubber4ired dolly, without splashing. Omit item III.
(b) If sample can is only partially loaded, place can in Vault B

-carefully and follow II subsequently.
(a) If intermediate evaporation is required, obtain pages 231-I-I

thru 31-U-I.

*If Fina. (0) is larger than Initial (b), add (d) otherwise subtract (d).

231-F B 10/4 860 -
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HW-10475-C

ISOLATION OPERATIONS

Date
Run No.

III - SAMPIE CAN LOADING AND FINAL EVAPORATION - SUPPLEEmTARY LOADING

A. Weighing before Loading

1. Reo-ord Run No. of supplementary material

2. Move the partially filled sample can
froim Vault "B" to cell with care to
avoid splashing.

3._- Reeigh sample can. Record on page "F"
Item 1.

B. Solutiom transfers

1, Fill the weigh tank seal with water.

1. Run No.

2. Time

3.

1-.

2. Place spare empty sample can in 2.
load position. Open WT discharge
valve and allow to drain for 10 mine.
Close WT discharge valve. Lower the
cahi. Cover the open end of the discharge
lips with cup provided. Place spare sample
cali in support stand.

3. With the hook, place can to be loaded
in the loading position. Remove
filter cap assembly and discard temporary
plug.

4. Check freedom of weigh tank. Check 4.
that weigh tank discharge valve is
c22dsed. Zero the weigh tank scale by
adding weights.

Done by_ -

Done by

Done by -

DECLASSIFIED

flone by

5. Re-Ord Initial WT scale_ reading on _5. Done by
page "0" and AT gauge reading and
volume on page "B". Without agitation, drop the calculated amount
oflsolution from PT to weigh tank. Any solution remaining in AT
should be loaded into another weighed can'as soon as possible.
Reqord weight received into WT and final WT scale reading on page
"Ci and AT gauge reading and volume on page "B".

6. Drop the solution from weigh tank to sample can. Allow system to
drain 30 minutes before recording weight left in WT (use table on
page "D"). Record weight loaded to can on page "E".

7. Lower sample can and place in can hblder. 7. Done by

8. Cover open end of weigh tank discharge
line with cup provided.

9. Usw wrench to install adapter plug.

231-G R 10/45

8. Done by_ .

9. Done by

SM
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HW-10475-C

ISOLATION OPERATIONS

Date - - -
Run No.

III - SAMPLE C&$ LOADING AND FINAL EVAPORATION - SUPPIMETARY LOADING

B. Solution Transfers (Cont'd)

10. Stvey the sample can.

11. With supervisor's approval, in-
stiall filter cap assembly (without
stsket) on can loosely.

12. With hook, remove can and place into
carrier. Bolt inner and outer lids,
i_ place.

C. Determination of Net Load

1. Re-ord initial scale dial reading
orf line (b) below. With caution
tq~avoid any splashing of the con-
te-nts of the vessel, place assembly
on scale and weigh.

Checked by_

(a) Total

(b) Initial scale Reading

(a) Final Scale Reading

(d) Difference in scale Reading

(e) Total wt. of Can (a Z d)*

2.. Copy tare weight from item IB2 .

3. Determine net total load in can (III
In~ 02)

10. Remarks

11. Approved by

12- Done by

DECLASSIFIED
Weights on Pan

1.

3.
1

6.
7.
8.
9.

10
.11
12.

Ole y
V.

1 . Determine net supplementary load (III C3
II 33)

. Tansport to Rm. 6A on rubber-tired Time
dolly. Move slowly to avoid splashing.
It intermediate evaporation required,
obtain pages 231-I-I thru 231-U-1--

*If Final (c) is larger than initial (b) add (d); otherwise

231-H R 10/45
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Date
Run No.

VI - FINAL EVAPORATION

A. Preliminary Operations

ISOLATION OPERATIONS

1. Open hood, raise cover of G-1 and
check that G-1 has been drained.

2. Check that OR-1 is empty.

3.- Raise connector plug of l-1 to stop.

After 5 minutes, unlock rack and
rotate to load position.

5.- Place W-1 on top of C-1.

6. With hand yoke, place the loaded
- sample can in rack, using care to
- center the can.

7. Renve hand yoke and close hood,
- leaving lid of G-1 raised.

1. Checked by__

2. Checked by

4. Time done

DECLASSIFIED
7. Time done

Remove filter cap from sample can
with large wrench and place in
holder.

9. Remove final closure plug with
small wrench and place in holder.
If "Koroseal" gasket sticks to
plug, pry it loose with pointed
tool before moving plug aside.

10. Remove "Koroseal" gasket from
plug with pointed tool and place
in disposal vessel.

11. Swing rack into working position
and lock in place with alignment
rod.

12. Carefully screw down the connector
plug until a tight joint is made.
(Do not use enough force to shear
pin)

12. Time done

R 10/45

4..-

8.7
---

K
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HW-10475-C

I,9LATION OPERATIONS

Date
Run No.

VI - FINAL EVAPORATION

A. Preliminary Operations (Oont'&)

13. 1±f no intermediate evaporation has
been made, make the following -
-calculations to determine the
Tvolume of condensate to be

collected.

(a) Total solution in can (I1 03 --
or II 33, whichever is larger) g

(b) To remain in can 390 9

Jc) Weight to be collected (e-b) -9

Z(d) Volume to be collected

Item (0) (. ) Sp. Gr.* ( ) ml

14. If intermediate evaporation has been
imade, make the following calculations
to determine the volume of condensate
to be collected:

- (a) Total solution in can (V C 4)

&(b) To remain in can 390

X(c) Weig ht to be collected (a b) j

(d) Volume to be collected

Item (c) (m Ep. Gr.* ( )

* Specific gravity measured after collecting 75% of the volume
calculated on a basis of 1.38 Sp. -r.

231-J R xu/45 S



Dat&._
Run No. -

VI. FINAL FAORATION (Cont 'd)

3. Evadration Operations

1. -With G-i drain valve closed, fill
9-1 with water to top of rack.

2. Drain G-1 to sewer and close drain
-valve.

3. theck that valve OR 1 to R-2 is
closed.

4. 3Jpen valve AF-1 to H-1.

5. Open valve OR I to VB-1.

6. -Turn on cooling water of C-2
and 0-3.

7. turn on steam to jets #2 and #3.

8. djust air flow through sample can
-to 8 (t 0.5) C.F.H. by varying water
level in VB-I-. (Do not change rate
In adjacent units fromS (t 0.5)
JJF.H.)

9. Turn on water to 0-1.

10. With G-1 drain valve closed, add
hot glycerine from G-3 to a level
-about 3/4 inch below top of rack.
(Do not overflow G-1.)

11. Close G-1 lid.

12. tpen valve admitting 25 p.s.i.g.
steam to G-1 jacket.

HW-10475-C

ISOLATION OM-ATIONS

1. Time fille4d _ _

2.' Time drained

3. Checked'by___

cv

8 Air flow_ a H.

Adjusted by.

13. ring G-1 to 1250a-

R 10 5

I3r Time 12500.

zS

-865-
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I

2.

3-

4.

7.

10.-__

13.

14.

15r

17-

202

TOTAL

V

-866-

HW-10475-C

ISOLATION OPERATIONS

Dat-e
Run No.

VI - FINA EVDECATISSIFInED
B. X|apbration Operations (Cont'd)_ -

14. Continue evaporation at 8.0 C. F. H and 1250 bath temperature,
,f1ecord specific gravity, bath temperature, volume of condensate
collected, and air flow rate every 15 minutes. (Sparge CR-i for
one minute b-efore reading Sp. Qr.

Graduate Cond. Recorded
Timte TempK Sp.Gr.2 ..OF'.H. £Reding Vol. (ml) By

23.1-L Rs 10/45

- - - - ---------
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a
Date
Run No.

VI - FINAL EVAPORATION (Cont'd)

B. Evaporation Operations (Cont'd)

HW-10475-C

ISOLATION OPERATIONS

DECLASSIFIED
15. When volume in CR-1 is 25 ml. less 15.

than that calculated in step A-13 or
S14, close G-1 jacket steam valve.

Steam off

Open valve G-1 to G-2. 16. Valve open

Turn on jet 45 and open G-1 lid. 17. Jet on

When G-1 is empty, turn off jet #5, 18. Jet off
close valve in line from G-1 to G-27
and drop glycerine to G-3. Valve closed

Glycerine dropped

19. Fill G-1 with water and leave suf-
ficient water running to overflow

- a small stream into sewer.

20. After cooling can for 1 hour, shut
off water and drain G-1 to sewer.

19. Time water on_

20. Tits water off

G-1 Temp.

2. Close valve AF-1 to H-i.

22. Sparge CR-1 for one minute and record final
volume and Sp.Gr. on page 231-L.

23. Turn off water to C-1.

24. Close valve CR-1 to VB-i.

25. If other drying units are not in use, 25. Done by
(a) Turn off steam to jets #2 and #3
(b) Turn off cooling water of C-2 and C-3.

If other units are in use, readjust 26.
air flow through them to 8 (+;0.5)
OF.H. by altering water leveL in VB-1.

R'l0/45

Air flow _ C.F.H.

Adjusted by

- 867 -
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11.
'a.

26.
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SM
Date
Run No.

VI - FINAL EAPORtaON (Cont 'd)

0. Supplementary Operations

1. -aise connector plug to stop.

2. After 5 minutes, unlock rack and
rotate to load position.

3. Remove final closure plug from
rholder with small wrench and screw
-plug tightly into-adapter plug in
top of sample can. Tighten adapter
plug.

4. Survey the sample can.

5. Insert two filter cap gaskets.

6. Tiemove filter cap from holder
Iith large wrench and mount it
loosely on top of sample can.

7. Dry and survey the sample can.

8. Vith supervisor's approval move
sample can to carrier and tighten
%humb screws and hex nuts.

9. eturn can to cell 5 for weighing.

10. dpen valve CR-1 to OR-2.

11. Turn on water to Jet #1 and
Uraw condensate from CR-1 to CR-2

urn off water when OR-1 is empty.

12. if this unit is to be used again
immediately, proceed to item 16.
-If not, proceed to item 13.

13. aoe W-l in sample can rack.

14. Swing rack into working position
and lock in place with alignment rod.

ISOLATION OPERATIONS

1_-.

SW

DECLASSIFIED
Time done

Time dlone ___-

4. Remarks

7-

8.

Remarks

approved by

15. -arefully screw down the connector 15. Time'done
lug to make a good joint with W-1
(Do not use enough force to shear pin)

231-N R 10/45 -868- a0
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Date -
Run No.

VI - FINAL EVAPORATION (Cont'd)

0. Suppementary Operations (Cont'd)

16. if volume in CR-2 is less than 7
liters, proceed to-item VI D. -

17. If volum6 in CR-2 is 7 liters
-or more, take composite sample:

HW-10475-C -

ISOLATION OPERATIONS

D ECLASSIFIED
17. OI-2 volume

Sampled by
Time sampled
Serial No.

ja) Check that all valve-s leading (a) Vplves checked -
to O1-2 are closed.

L(b) Turn on water to jet #1.

'(c) Open CR-2 sparger valvo. (o) Time open

dA) fter 5 minutes, open air lift (d) Time open
valve.

1(e) After 5 minutes longer, turn off (e) Time off
water to jet #1.

) Close CR-2 sparger valve.

rjg) Close air lift valve.

h) Take sample from cup by pipette.
(Close valve after sampling.)

18. ZIf assay of CR-2 composite is _.18. Authorized by
below specified limit, discharge Time done -

-to sewer.

19. If assay of CR-2 cdmposite is above
-specified limit: --

(a) Set0fCR-3, with gate valve open, (a) Done by
in place below CR2. -

(b) Open drain valves CR-2 to CR-3. (b) Time CR-2 empty

(o) Twenty minutes after CR-2 is (c) Time closed
empty, close valves CR-2 to CR-3-

(d) Lower CR-3 and mount drip cup on
CR-2 drain line.

- (e) Close CR-3 gate valve. Ce) Time closed

(f) Recycle solution from CR-3 as
directed.

231-0 B 10P 5 -9 a- 869-_.



HW-10475-C

ISOLATION OPERATIONS

VI - FINAL EVAPORATION (Cont'd)

D. Determination of Weight Shipped nrri 11IFIFip
L._ After recording initial scale read- -

X ing on line (b) below, weigh complete_
assembly of vessel and carrier in-
cluding seals:

Weights on Pan 1)

e) Total can wt. (a t d)* Checked for BEV by
Checked for USA by

2_ Copy tare weight from item IB3

3 Determine net weight of mater ia shipped (VI Die-VI 1)2)
4 termine Weiaht of Solution Evaporated

231-P

a Gross Wt. Soin. charged (IIB3 or 11103 or VC4, whichever
was obtained last)

b) Net wt. of matl. to be shipped (VI-D-3)

c) Wt. of liquid evaporated (a-b)

*If Final (c) is larger than Initial (b), add (d); otherwise

.subtract (d).
*%If net weight is 420 gm or less, can is satisfactory for shipment.

-If weight is greater than 420 gm. return to final evaporation equip-

ment and remove condensate to reduce net weight to 390 gm.

R 10/45 - 870-

a
Date
Run No.

3)

4)

5)

6)

7)

8)

9)

10)

a) Total

b) Initial scale

c) Final scale_-

Weighed byd) Difference in scale_-_



HW-10475-C

TSOT.ATTON OPERATTONS

Date
Run No.

VI - FINAL E4AP&RATION (Conttd)

1, Open hood door. With hook place
sample can in holding jig. Close
hood door.

2. Remove filter cap assembly.

3. Obtain H.I. approval for inside
of -sample can.

4. Insert filter cap assembly and
tighten up.

5. ObTain :.I approval for carrier
anld outside of sample can.

6. Obtain mr. reading.

7. Open hood door and with hook,
plfce complete sample can
assembly in barrier. Tighten
thumb screws and hex nuts on.
carrier cover and permanently
sedure lead seals in place
with U. S. sealer.

8. Tr nsport to Vault "B".

-9. Reord date shipped.

DELASIFIED

3. Remarks
Max. Smear
Location

5. Remarks
Max Smear
Location

6. mr/hr at surface
-- Date obtained

- 871 ,
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S
Date
Run No.

SUMMARY OF WEIGHTS

I - Mtl. Dropped from AT

HW- 10475-C

ISOLATION OPERATIONS

DECLASSIFIED
(1) Total volume from AT (II A 6 e) x G. -(Item II)

(2) " (II A 6 e) x (Iom III)

(3) Total weight from AT

II - Mtl. to W2

(1) Total weight into WT (IIA 9 a) (Item II)

(2) Total weight into WT (IIA 9 a) -_(Item III)

(3) Total weigat received into WT

III - Mtl. to Cn (From WT ScaleJ

(1) Total weight loaded to can (IIA 9 a) (Item II)

(2) Total weight loaded to can (IIA 9 c) (Item III)

(3) Totaliweight into can (IIA 9 d)

IV - Overall weight into Can (From Bench Scale)

Total wei±ht into can (IIB3 or 1IIC3, whichever is larger)

V - Weight of Mtl. Shipped

Net weight of Metl. shipped (VI D 3)

VI - Weight of _M . Evaporated (by Difference)

Total weight of soln. evaporated (vI D4 c)

VII - Weight of Liq. Evap. (by Measure)

(P. G.
Total volu-me of soin. ovap. (vi B 14) S_________

231-R P. 10/45

a
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COPY NO. A1SERIES C

INTRODUCTION

HANFORD ENGINEER WORKS TECHICAL- MANUAL

SECTION C - SEPARATIONS

CHAPTER IX - WASTE DISPOS6L

Proceg wastes from the 200 Area present a disposal problem because of
their acidity and radioactivity. All wastes are neutralized before disposal.
The dangerously active wastes are stored in buried-tanks, while the less
active material is released underground through reverse flow wells.

The disposal of specific process wastes is discussed in this chapter.

901 m
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CHAPTER IX - WASTE DISPOSAL

Starting
- Page
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GENERAL CONSIDEfATIONS

GENERAL CONSIDERATIONS DECLASSIFlED
The actual disposal of a given Separations plant waste depends on its

intrinsic value, acidity, associated fission activity, and product content.
The maout radioactive wastes must be stored in underground tanks to protect
personnel from radiation and, to avoid contamination of the river or under-
Srvmnd water supply. Because of the extreme toxicity of product, it is
;*ceaaary that product-containing wastes not be discarded above ground.
This avoids the possible formation of product-containing dust which might
renult if nAa w4este were discharged into open ditches after monitoring.

The ahief types of wastes and their disposal are given in the paragraphs
following.

Canyofl (221) Building

Four types of active process waste are formed in the 221 Building:

1) The alkaline coating removal waste, containing small but undeter-
ined amounts of activity

2) The metal waste from extraction, containing all of the uranium,
bout'9O% of the original fission activity, and 1/2 to 1% of the

product

3) The by-product cake solution and waste solution from the first
deoontamination cycle, containing about 10% of the original fission
activity and 2% ofthe product -

4) Second cycle waste, containing less thano.l% of the fission ac-
ivity, and about 1% of the product

The Canyon Building process wastes are stored in a series of buried
tanks kno0 as 241 Building. Cell sewage can be sent to the buried tanks,
to settling tanks and dry well, or buried sump as advisable.

Concentration (224) Building

The Concentration Building process wastes comprise solutions of the
bismuth phosphate and lanthanum fluoride by-product cakes, the product pre-
cipitation waste, and metathesis wastes. The total fission activity is less
than 0.001% of that present in the starting metal. About 4% of the product
is contained in these wastes. It is considered safe to send these wastes
into the ground. The waste flows through a settling tank where the bulk of
the fission and product activity settles out, and thence to a reverse flow or
dry well, or a buried sump. Cell drainage goes to the settling tank.

-903 -S6/4R
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- a pGENEA CONSIIERATIONS

Isolationt (231) Building

Actiye wastes from.laboratory sinks, washings from the process cells,and water from water aspirators in the Isolation Building contain very smallamounts of product.

The wa stee are collected in a 3900-gallon stainless steel sump tank(231-w-151), and after neutralization with sodium hydroxide are jetted into areverse flow well or buried sump.

Miscellaneous Wastes

Activie liquid collects at the base of the 291 Building stack. it isformed front condensate from the dissolver off-gas vent Jets. This drainage
flows to buried tanks.

The Control Laboratory (222) discards a small amount of active wastefrom analytical samples and equipment decontamination. This waste is run downa special stainless steel sink connected to a dry well or buried sump.
Cooligg water from the jackets of process vessels in Canyon and Concen-

tration Buildings is collected in a retention basin. After monitoring todetermine that no activity is present, the basin is emptied into an open ditch.Drainage-from uncontaminated areas In 271, 221, 222 and 224 Buildings goes di-rectly to this ditch. Cooling water froth la-Sorg(2)Budishas an ativit o lw as~t be n Pmu es a Storae (212) Buildinghasanactviy s lw a t b innocuous and goes- directly to an open ditch.
Sanitary wastes are aent to a septic tank and tile field.

241 BUILDING -

The waste disposal area is designated as 241 Building. The ldiyout ofthese areas-and their connections to the process buildings is shown in Figure 1for T and Ca.reas and Figure 2 for B area. Each of the process areas, T', U,and B has its own waste disposal facilities. In addition, 241 , so 4,500feet east ot 221-B,is a complete group of tanks and diversion boxes like thoseshown on the ,drawings of the other areas, but lacking the retention basin,fettling tank and dry well. This can be connected up for 200-B Area waste
disposal through Diversion Box 241-B-154 in such manner as way appear desirable
in the future. At present no waste lines are provided from this diversion box
to-the 241 C Area. x

Geology -

Wastes from 224, 222 and 231 Buildings are disposed of through dry wells.Furthermore, it may prove desirable at some future tie to stretch out the

- 904 -
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- 241 BUmIDN

capacity of the waste storage tank system by emptying soma of the less active
wastes intoadditional dry wells, or buried sunps. The safety ofi this pro-cedlure Is dependent on the geology of the area in which the well is drilledor the aump buried.

osto the H.E.W. area consists of basalt on which has been depositeda loosely cemented sandy clay known as the Ringold formation. The basaltprojects through the Ringold at some points, such as Gable Mountain and GableButtes. Both these formations are, for practical purposes, impermeable towater and unsuited for waste disposal.

In timn past the Columbia River has cut deep channels in the Ringoldformation. These were subsequently filled with coarse glacial gravels andare well suited for underground waste disposal. Their water-bearing capacityis highand -enormous volumes of dilution water are periodically introducedfrom flash floods and during periods of high river level. Waste Introducedinto this system would be greatly diluted, decontaminated by percolating throughthe soil, and would eventually get down to the Yakima River, near Richland.

Most ofjthe 200 Area is believed to be above ach a channel and is there-fore suited for drilling of the reverse flow wells, or construction of theburied eunps. -

However. the Ringold formation is essentially at the surface a shortdistance west and south of the 200-W Area. Some place east of Cold CreekValley, there is believed .to be a Ringold bluff, the bank of one of the oldextinct river channels. Where this formation occurd above the water table,the course of the wastes is unpredictable. They may collect in pockets onthe Ringold iarface, be forced to the surface farther south where the landis lower. orpicked up by a single flash flood and carried down to the Yakima-
Richandareg immediately.

75-Foot Di ter Storage Tanks

The Canyon Building process wastes are stored in twelve tanks numberedX-101 -to X-11-2, inclusive. These are 7.5-feet in diamieter, and are of rein-forced concrete construction with a steel liner on the bottom and sides. Thetanks rest on aterproof pads and are waterproofed on the sides and top withtar and gunnite. Capacity to the overflow outlet is 530,000 gallons, with aliquid depth of 16 feet.

Those teii s are arranged in groups of three in cascade, with fresh wastealvays going ~ the first tank of a series (z-i01, x-4o4 -10,11)

Tanks 1-101, 102 and 103 are each equipped with an air cooled reflux con-denser. Tanks X-l04, 10.5 and 106 are provided with a condenser foundationand duct blanked off at grade. The other sir tanks hare no provision for acondenser.

In addition to the overflow piping, each tank has four 3-inch stainless

- 907 -
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241 BUILDING

- DECLASSIFIED
steel inlet pipes. At the first tank in each cascade series of three, two or
three oftthese inlets are connected to a diversion box by stainless steel lines.
All others are blanked off close to the respective tanks.

Each tank has eight risers up to grade, in sets of four on the opposite
sides of the tank. These are 4-inch and 12-inch steel pipes terminating a
few inches inside the roof of the tank. One of the 4-inch pipes carries an
indicating thermometer showing the temperature of the tank contents. Two dip
tubes in one of the 12-inch sleeves are used for liquid level and gravity
measuremnts. The higher tube ends 5 feet above the low tube. The other
risers are unused, but are available for additional instrumentation, sampling,
or pumping out.

Shielding from radiation is provided by approximately 9 feet of fill over
the tanks. The condenser ducts are formed in two right-angled bends to re-
tard escape of radiation through these openings. The risers are capped with
a flange carrying an 18-inch long steel or steel and concretel shielding plug.
To allow venting of the tanks, one of these plugs has been removed from each
tank except the three having condensers, and a T-Ehaped vent pipe attached.

These_ 75-foot diameter tanks are now connected to receive waste as
follows:

X 2.01 receives metal waste from Tank 9-1. Tanks X-102 and 103
Treceive from Tank X-101 by cascade. Alternate connections
Zfrom Tank 10-1 are available for emergency use.

X-107 receives from Section 15-R. Tanks X-108 and 109 receive
:from Tank X-107 by cascade. Under current operating practice,
tection 15-R handles first cycle and coating wastes. Tank
5-9 is also connected to Tank X-107. This tank also receives

7the 291 Stack drainage.

X-110 receives from Section 15-L. Tanks X-111 and 112 receive
from Tank X-110 by cascade. Under current operating practice,
ection 15-L handles second cycle wastes.

X-104, X-105, and X-106 is a spare series of tanks, and is
.Connected to Diversion Box 241-153. Jtipers are availAble
permitting hook-up to Tanks 9-1, 10-1, 3r Section 15.

The temperature and weight factor readings are recorded daily on s1l
tanks containing any waste. Weight factors are measured with portable
equipment.

Currently, the volume of active waste delivered to the tanks per run
(1.5 metric tons) is 5700 gallons for mtal waste, 4700 gallons for coating
and first cycle and 3600 gallons for secon cycle wastes. Each group of
three tanks, therefore, is filling at roughly the same rate. This will
eventually lead to a situation such that the area can no longer be. conven-
iently used although tanks S-104, 105, and 106 will still be empty. At this
stage, it seems probable that the spares could be used for metal waste and
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that additional decontamination waste capacity can be made available by empty-
ing some of the less active wastes into the ground.

It is not known whether any great amount of self-heating of the metal
waste tanks will occur. Long-term stability data are also lacking. If appre-
ciable self-heating takes place, then the bulk of the uranium and fission
activity will be quickly precipitated, as the carbonate complex is stable foronly a day ar two at 7500. It should be possible to determine the activity
distribution in the metal waste tanks by lowering a specially shielded ion
chamber into a water tight metal sleeve, extending to the bottom of the tank,and noting the vertical distribution of activity. If precipitation occurs,the bulk of the activity will be concentrated on the precipitate. Precipita-
tion in the first metal waste tank may lead to the accumulation of excessiveactivity in one tank, with consequent overheating. If this is found to occur,it may be desirable to install additional piping whereby metal waste tankscould be filled individually, rather than by cascade.

No equipment is available for sampling or otherwise investigating con-
ditions in the tanks, except liquid level and pH. At monthly intervals, a
pH determination is made, using an electrode which is lowered into the tank
and discarded after readings have been made. Since the lines of the waste
tanks are steel, it is desirable that the pH should be not less than 7 for
all wastes.

20-Foot Diameter Storage Tanks

In each 241 Area there is a row of four smaller buried tanks, X-201-to
X-204, inclusive, of the same type of construction as the large tanks. These
are 20 feet in diameter with a capacity of 55,000 gallons at a liquid depth
of 24 feet.

The 20-foot tanks are not arranged in cascade and have no overflow out-
lets. Each tank is connected individually by two stainless steel lines to
Diversion Box 241-252 and is further provided with two spare inlets. There
are two condensers on each tank, duplicates of those on Tanks X-101, 102 and
101. The number and arrangement of risers, instrumentation and shielding of
the small tanks are identical with the 75-foot tanks.

Originally, serious consideration was given to decontaminating the metal
waste before disposal, to facilitate ultimate recovery of the uranium. One
or two scavenger precipitates were to be made and separated out along with
alkali-insoluble material. These highly active by-product cakes were to be
slurried out of Centrifuges 9-2 or 10-2 and sent to the 20-foot storage tanks
via Tanks 9-4 ar 10-4. These tanks have never been used for the purpose for
which they were designed.

Tank 1.0-4 is connected to Diversion Box 241-252 and can be connected to
the inlet lines by available jumpers. A line fromTank 10-4 to Tank X-201
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is completely installed but is not used. The original line from Tank 9-4 has
been broken near 241-361 Settling Tank. It is planned to use the lower por-
tion of tihis line to slurry the contents of 361 Tank down to Tank X-201' when
the former shows signs of filling up with solids.

Diversion Boxes

At each 241 Building are four diversion boxes through which the seven
process waste lines into the tank area can be connected up to the tanks in
various ways. Active connections through these boxes are indicated in
Figures 1 and 2. A more detailed diagram indicating also the spare connec-
tions available is shown in Figure 3. A short distance east of 221-B
Buildingje an extra box, 241-B-154, which permits waste to be sent either
to 241-B or C. All process waste lines from 221-B go through this box.

The boxes are of reinforced concrete. Outlets are arranged in a row
near the ottom. Inlets are in a second row above outlets, on the saws side
of the box. The pipes into the box terminate in flange and kick plate as-
pemblies like those used for canyon and trench piping. Connections from
inlets to, outlets are made with prefabricated Jumpers fitted with automatic
connectors. A variety of jumpers is provided, so that connections can be

changed or replaced remotely after the boxes become contaminated. All piping
i---stainlCess steel. The boxes are shielded by fill along the sides and by
concrete slab covers.

20-Foot Diameter Catch Tanks, (241-301)

At each 241 Building there is a buried 36, 00 gallon unlined reinforced
concrete tank piped up to receive drainage from the four diversion boxes.
These tanks are buried about 6 feet below grade.- Risers and instrumentation
are similar to those on the larger buried tanks. An extra 17,000 gallon
catch tank (241-B-302) identical in construction with the above, is provided
for colliction of the.drainage from 241-B-154 Diversion Box.

Temperature and weight factors on these tanks are read daily. An abrupt
rise in weight factor reading would indicate a leak in one of the diversion
box connections.

Retention Basin and Ditch

The retention basin consists of two square concrete pools holding
500,000 gallons each. Inlet and outlet connections permit one half of the
basin to be filled while the other is draining. At full operation, one-half
of the basin fills per shift. Flow is -then diverted to the other half and
a sample is taken for gross activity analysis. When released for disposal,
the full half is then drained to the ditch.

--6/491 910 -
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The basin receives process cooling water through a 24-inch sewer runningalong the side of 221 Building with connection to 224 Building. The sewage
collected in the sumps of Section 5, 221 Building and Cell C, 224 Building canalso be jetted into this main if desired.

0utlet from the basin is through a 24 -inch sewer. This connects withan 18-inch sewer carrying floor drains and other innocuous wastes, exceptsanitary waste, from 271, 221, 224, and 292 Buildings. The combined sewageflows to an open ditch.

The ditches, which are 8oo or more feet long. terminate in the vicinity0 of the low point of their respective areas. The ground at these points doesnot absorb water very rapidly and it appears likely that swamps will eventu-ally form near the end of each ditch.

Settling Tnk.Dry Wells and Buried Sumps (241-361)-

Wastes from 224 Building flow to a buried 20-foot diameter settlingtank. This is an unlined concrete tank with instrumentation similar to theother 241 Building tanks. The tanks are vented through a 6 -inch riser fromthe manhole on top of the tank. Capacity at overflow is 36,000 gallons witha liquid depth of 15 feet.

Inlets from 224 Building and from Section 5 of 221 Building are provided.Contents of the tank overflow to a dry well. The inlet is 4 inches below theoutlet to reduce turbulence when waste is being jetted to the tank. A baffleacross the-tank near the outlet also helps to produce a clear effluent. Theinlet is 3-anch and the outlet 2-inch diameter stainless steel pipe.

The overflow from each 361 Tank goes to a 6-inch diameter dry well nearby. In T Area water was struck at 287 feet and a -second well, ("A"), wastherefore drilled to 206 feet. This is the one in use. The U end B wells
are 302 feet in depth. The lower portion of the casing is perforated to
facilitate discharge of waste into the soil.

Each 1l has a pressure gauge with line running to 5Q feet from thebottom. Air from a portable source of supply can be used to measure hydro-static head-in the woll. At present, the wells empty freely and the waterlevel does not rise above the bottom of the dip tube after pumping water into
it at the rate of 100 gal./min. for 20 minutes.

Recently It has been observed that more of the dry or reverse flow wellshave beconn iartially filled with sand which has apparently flowed in throughperforations- in the lower end of the casings. For this reason buried ups
have been constructed in all locations where reverse flow wells were provided.
These buried sumps consist of 12 foot by 12 foot by 4 foot high reinforced
wooden cages-with open bottom buried in gravel 18 to 19 feet below the grade
surface. These sumps are connected to the 241-361 Settling Tanks by 3-inch
stainless steel pipe. Two such Bumps are connected in series with a 1-foot
high inverted trap being provided in the line connecting the two sumps.
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Liquid level measurements are made on the settling tank before jetting
as a check against leakage or plugging of the overflow, dry well, or buried
eumps.

Effluent to the well is sampled occasionally, inspected for clarity and
analyzed for product and by-product activity. So long as the tank effectively
retains solids, little activity should escape. At present, the effluent is
decontaminated by factors of 250 to 1,000 and is almost perfectly clear. When
solids and activity begin to leak through the contents of the tank will be
flushed to X-204. On the basis of experiments indicating that- Concentration
Building wastes precipitate 3% by volume of solids, the 361 Tank is expected
to fill up in about 250 runs.

The ovdrflow rate of 361 Tank is limited by the 2-inch outlet; rather
than by the capacity of the well. Liquid level in the well does not appear
to reach the dip tube, 50 feet from the bottom of the well, at any time.
There is, so far, no indication that the well will-Plug up with continued
use. Liqui& level in the tank drops back to the outlet level within about
one-half hour after jetting.a normal 2500 gallon portion of waste.

The rissers from 361 Tank have their lower ends only 1 foot above the
overflbw level. Under these conditions, 2400 gallons of additional liquid inthe taek wifl seal the vents. To avoid putting undue pressure on the manhole -cover, it iq advisable to jet no more than 3,000-gallons to the tank at one
tim and to wait 1 hour between jettings. (In order to correct this situation
an- additional. vent has been added to this tank in a pipe attached to the lid).

Dry Wells and Buried Sumps, 222-110

- ear the right front corner of 222 Building is a 75-foot dry well con-structed of 3-inch stainless steel piping. The bottom 25 feet of the casingis perforate-. The well is connected to the utainless steel "hot" sink inthe laboratory. Two buried sunws in series are also provided which may beused in place of the dry wells.

Test Dry Wells

Sqven 6 7inch wells are placed at selected locations among the waste stor-
.age tanks. ll are 150 feet deep. These wells receive no waste. InstrumEntsare lowered into them to detect activity arising from leaks 'in the storagetanks.-

Dry Well and Buried Sumps, 231-W-150

Near the 231 Building buried waste tank 4i a 6 -inch diameter dry well intowhich the contents of the tank can be jetted.2 The well is 150 feet deep, withperforations in the lower 32 feet. Two buried. sumps. in ceries are also provided,
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due to theact that this dry well has partially filled with sand. These
sumps are used at present in place of the dry well.

CANYON (221) BUILDING WASIE DISPOSAL EQUIPIENT

Process waste lines in the Canyon Building are diagrammed in Figure 4.
The several types of waste are collected and treated in Section 5, 9, 10,

* and 15.

Sewers

Two 24-inch sewers serve the canyon proper. The cell sewer runs under-
neath the building near the pipe trench. This is constructed in two sections
each pitched to drain into the deep sump in Section 5-P. At the rear of the
building is the cooling water sewer with 8-inch connections into the left side
of each cell wall. This receives cooling water from all process vessels.

Section 5, Cell Sewage

The bottom Section 5-R is 47 feet 9 inches below deck level as compared
to 28 feet in the standard section. This permits the two sections of the
cell sewer to come into the sides of Section 5-F and drain into Tank 5-7, a
17,000 gallon rectangular open stainless steel tank illustrated in Figure 5.
Drains through the back wall of Section 5-R from the pipe trench and ventilat-
ing tunnel also empty into Tank 5-7. (See Figure 6 for a diagram of the cell
piping and gauge board for Section 5).

Sewage in Section 5-R itself collects in a trough and sump tank (5-8)
on the floor from which a jet connection into Tank 5-7 is provided.

Section 5-L contains two 8-foot diameter by 14-foot high tanks, each
with a capacity of 5000 gallons. These are unagitated jacketed .tanks. There
are no steam or water connections to the Tanks 5-6 and 5-9 jackets. These
tanks can be used for sampling and treatment of cell sewage jetted up from
Tank 5-7.

Scale tanks 5-6E and 5-9f of 75 gallons capacity, can be used for-
caustic additions to either of the tanks in 5-L. The 400 gallon scale
tank, 5-7A, has no chemical header connections.

The Section 5 gauge board has a liquid level and density recorder for
each tank, an activity recorder connected to each lank and a temperature
recorder connected to everything but the sUmp, 5-8^.

Air an steam spargers are provided for Tanks 5-6, 5-7 and 5-9. These
three tanks all have sampler connections to the deck. Tank -8 has no
sampler connection.
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Jetconnections within the section enable material to be jetted from the
5-8 Samp Tank to Tank 5-7, from Tank 5-7 to either of the left-hand tanks,
and fro Tank 5-6 and Tank 5-9 to each other. Both Tank 5-9 and Tank 5-7
are connected by jet lines to the cooling water sewer; however, the Tank 5-7
steam spply line is blanked in the pipe gallery.

Material. from Tank 5-6 can be jetted to the 361 Settling Tank. This
line originally went to Tank 9-1, and was intended for the disposal of very
hot wastes that might collect in Section 5 due to a boil-over during dissolv-
ing or carbonate neutralization. In Section 9, this line has since been tied
in withthe outlet from Tank 9-4 to Tank X-204. The latter has, in turn,
been broken near 361 Tank to provide the connection from Section 5.

Highly active material can be transferred to Tank 5-9 and jetted from
there to 241 Building, Tank X-107. This waste line is tied into the stack
drainagq line. The valve in the stack drain line should be closed before
Jetting from Tank 5-9 to Tank X-107.

Sections 9 and 10 - Metal Waste Treatment

The instrumentation and equipment of these sections are practically
identical with those of the standard sections (Chapter II) except that the
Precipitators 9-1 and 10-1 are somewhat larger; 9 1/2 by 10-foot tanks with
a capacity of 5000 gallons. (See Figure 7 for a diagram of the cell piping
and gauge board for Section 9, and Figure 8 for- that of Section 10). Also,
the Ring Balance density recorder for Tank 9-4 has been altered to read Tank
9-1 pressure to detect gas evolution during carbonate neutralization. This
has beern done by placing the instrument across -the draft gauge cell pressure
line and the liquid level recorder vessel pressure line. Similar changes have
been made in Section 10.

Two 4 00-gallon weigh tanks in position "A" and "B" supply soda ash to
the precipitators. The "A" tanks are also connected to the caustic header.
Spare chemical headers S and T are connected to 75rghllon "E" tanks in each
section, also feeding the precipitators.

The precipitators, or waste neutralizers receive extraction waste from
the catch tanks in Sections 7 and 8. The solution tanks, 9-4 and 10-4, also
have inlets from the -4 tanks in Se-ctions 6 and_7. The latter lines, which
are not used, allow for disposal of the by-product cake from a pre-extraction
decontamination step.

Section 45 - Decontamination Wastes

The cell piping and gauge board of Section 15 are shown in Figure 9.
It may be noted that it differs from the standard se.ctions in having no cross
transfer lines between the two cells. This section is also illustrated fur-
ther in Figures 10 and 11.

Each half of the section contains a small and large tank and functions

I 6/4 -918 -
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independently to receive, neutralize, and dispose of waste. The smaller
tanks, 15-6 and 15-7, are identical to the 6 1/2-foot diameter by 14-foot
high crude product storage tanks, 12-6 and 12-9. They are unagitated
jack6ted vessels with a capacity of 3,380 gallon- (20.2 gal./in.). The
large tanks, 15-8 and 15-9, are 5000-gallon vessels duplicating 9-1 and
10-1.

Instruments on the gauge board record the lkquid level, density, tem-
perature and activity of all tanks. Each tank is provided with a sparger
and Tanks 15-8 and 15-9 also have agitators.

Each of the small tanks is piped to receive by-product cake solution
from all of the solution tanks in the by-product sections; .3-4, 16-4 and
18-4. Each of the large tanks can receive waste from all of the catch tanks
in the product precipitation sections; 14-3, 17-3 and 19-3. There are two
lines to 241 Building; Tank 15-8 to Tank X-107 and Tank 15-9 to Tank I-110.
Cell piping, gang valves, etc., for an additional line from each of these
tanks to 241 Building are installed, and blanked off in the rear of 221
Building. Coating waste from 3-5R goes to Tank 15-6 and from the other two
dissolvers to Tank 15-7. Wastes received in the- smaller tanks are jetted to
the larger tank in the same cell for neutralizing.

All-neutralizing is done in the larger tanks, through four 400-gallon
scale tanks, 15-9A, 15-9F, 15-8B and 15-8C, all connected to the caustic
header.

WASTE DISPOSAL PROCESS AND OPERATIONS - CANYON (221) BUILDING

Section 5, Cell Drainage

When some 10,000 -pounds have accumulated'in Tank 5-7 it is jetted over
to Tank 5-6_and sampled. Analysis is for activity and acidity. Normally,
the waste can be jetted to 361 Tank without treatment. Acidic material
should bQ neutralized since neither the settling tank nor the dry well is
of acid-resistant construction.

There is no upper limit established on the activity that can be sent to
the settring tank and dry well. If a bad leak of overflow occurred in the
canyon, the activity collected in Section 5 might be so high that it should
be sent to the tank farm. In April, 1945 the 224 Building was sending to
361 Tank-waste with an average gamma count of 2 c/(min.)(ml.). If a Section
5-waste runs more than 100 or possibly 1000 times this activity, it should
probably-be sent to permanent storage.

Metal Waite Treatment, Section 9 (Section 10 Spaie)_-

The metal waste is brought nearly to the neutral point with caustic and
then treated with excess sodium carbonate. This procedure yields an almost
completery soluble waste, at minimum total volume.
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The composition of the carbonate complex formed with the uranium is riot
definitely known. There is some evidence that phosphate is included in the
complex. Extraction wastds containing O.4M or less phosphoric acid (O.6M is
standard) give 15-30% undissolved solids, by volume, after standard treatment
with caustic and soda ash, whereas at 0.6 to 0.8M phosphoric, the solids are
o to 4%.

Toward the end of the initial caustic neutralization, at a pH of 2 to 3,
the uranium is thrown down as a very bulky precipitate. It is reported that,
if the caustic is added rapidly, the precipitate is less gelatinous and dis-
solves more readily on subsequent carbonate addition. Operating practice,
thereforeis to add the caustic as rapidly as possible, not permitting the
temperature to rise above 75 00.

The optlmum amounts of caustic and carbonate were originally set up by
experiment as those which gave the minimum volume of neutralized waste con-
taining less than 1% by volume of undissolved solids. On this basis, the
caustic requirement was found to be 86-98% of that needed to reach a pH of 7,
i.e., sufficient to give a pH of 1.2.to 6.

Since the original determination of the amounts of neutralizing chemicals
required for treating the metal waste, operating conditions have been changed.
Metal waste treatment is now calculated on the following basis:

For each 100 lb. of 73.5% phosphoric acid add 84.0 lb. of 50% caustic
For eabh. 100 lb. of 93.0% sulfuric acid add 136.6 lb. of 50% caustic
For each 2200 lb. of metal add 1368.0 lb. of 50% caustic
For eaSh 100 lb. of 50% caustic required, addif9.2 lb. of 30% soda ash
For eadh 2200 lb. of metal, add 12,749 lb. of -30% soda ash

The above amounts of caustic are calculated-to be 90% of that required to reach
a pH of 7.0. Additional carbonate to reach neutrality is calculated on the
assumption that bicarbonate is formed, with little or no carbon dioxide evolu-
tion. The further amount of carbonate added to com-lex the metal is based on
direct experimental determinations. It offers a margin of safety and is some-
what more than is strictly necessary.

Failure to use the full amount of caustic is aot likely to cause any
particular difficulty. There will be some gas evolution when the carbonate is
added and slightly more carbonate will be necessary. The entire neutralization
can in fact be carried out with soda ash. The sole reason for using caustic
is the volume saving resulting from its greater solubility. Excess caustic may
form precipitates which are difficult to dissolve. Hence, it is advisable to
hold the caustic addition definitely short of the neutral point.

The .3% soda ash solution is saturated at 30 00 and freezes to a slush at
27 00. It met, therefore, be kept in heated storage tanks and transferred in
lagged and chased lines.

Experimental data on the amount of self-heating to be expected from the
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metal waste are not available. In May, 1945 Tank 241-T-101, with waste from
sown 40 tons of metal was no warmer than the other tanks; 76-800F. However,
by June 1st these tanks were 10-150C warmer than those containing second cycle
wastes. arious calculators have estimated that a 75-foot storage tank full
of metal waste will self heat to boiling in (1) 200-700 days, and (2) not at
all.

The carbonate complex of uranium is stable at room temperature, but most
of the metal will precipitate, as a uranium-phosphate-carbonate mixture, if
heating occurs. At 750 0, the waste precipitates half to three quarters of the
metal in five days. The precipitate carries 90% or more of the fission ac-
tivity.

Coating Waste, Section 15

The toating solution proper, water wash, and acid wash are successively
received in Tanks 15-6 or 15-7. When all three are in Section 15, they are
mixed, jetted to the corresponding neutralizer and thence to 241 Building.
The operation is extremly simple. No control samples are taken. The mixed
waste should be jetted to 241 Building immediately. There is som possibility
that the insoluble farm of alumina will precipitate after the coating solution
is diluted and partially neutralized with the washes.

Decontaminiation Wastes, Section 15- - ~ -- . - -

First cycle wastes are treated in Section 15-R, second cycle in Section
15-L. This makes it possible to segregate the less active second cycle wastes
at 241 Building in the X-110 series of tanks, from which it may eventually be
safe to discard. them into the ground.

As an example of the operating procedure, a by-product cake solution is
transferred from Tank 13-4 to Tank 15-7 and half of a product waste from Tank
14-3 is jetted to Tank 15-8. The two are then mixed in Tank 15-8 and neutral-
ized with5O% sodium hydroxide, keeping the temperature below 5000. The waste
is then Jetted to 241 Building. To complete the disposal of a first cycle
.Wait, the second half of the waste from Tank 14-3 is brought into Tank 15-8,
rieutralized and jetted out. The by-product cake solutions are not neutralized
by themselves because of the vigorous reaction between the lON nitric acid solU-
tion and strong caustic. No samples are taken.

Causttc requirements for decontamination waste neutralization are calcu-
lated on the basis of 10% excess over the thporetical amounts. The quantity of
50% sodium hydroxide required to neutralize each of the process solutions to a
pH of 7 has been determined experimentally:

For each 100 lb. of 60% HNO3, add 79.1 lb. of 50% caustic
For each 100 lb. of 73.5% H3P04/1.5% ESO3 add 116.3 lb. of 50% caustic
For each 100 lb. of 14% (N;4)2siF6 solution add 29.2 lb. of 50% caustic
For each 100 lb. of 24% BiON03 solution add 27.4 lb. of 50% caustic
For each 100 lb. of 20% Fe solution add 0.7 lb. of 50% caustic
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The newwralized wastes contain a quantity of suspended solids - hydro-
xides or phosphates of bismth, scavenger metals, chromium and iron and
probably sodium silicofluoride. These slurries jet without difficulty. The
settling characteristics have not been determined. In view of the general
high carrying of both product and by-product activities by alkaline precipitates,
it is safe to state that at least 90% of each type of activity will be removed
from the suprnatant by any substantial aiunt of precipitate.

qrNCEINTRATrON (224) BUILDING WASTE DISPOSAL EQUIMPENT

Process waste lines in 224 Building are diagramed in Figure 12. The
several types of waste are all treated in Cell C.

Process Sewers

Coolingwater from 224 Building process vessels flows to a 10-inch sewer
in the rear of the building which joins the 221 Building sewer. Two sewers
under Cells A and B and Cells D and E respectively deliver cell drainage to
the deep right hand portion of Cell C. Drainage in Cell F collects in sumps
ahc is jetted up into Tank 7-8.

Cell C

The right-hand portion of Cell C is 19 feet lower than the floors of the
other cells._ Floor drainage from A, B, C-L, D and E collects in Tank C-7, a9-foot by 9-foot 4,000 gallon tank. In the left hand side of the cell is thewaste neutralizer, a 9-foot by 9 foot, 4,000 gallon jacketed agitated tank.

Inlets to Tank C-8 are provided from all of the process vessels in whichwastes are normally formed (see Figure 12). In the present process these com-prise bismuth phosphate by-product cake solution from A-4, fluoride by-product
slurry from D-4, fluoride waste from E-4, and metathesis wastes from F-7 andF-8. Cell drainage is also received in C-8 from C-7 and from the Cell F sumpsvia F-8. Theonly outlet is to the 361 Settling Tank.

Gauge board instrumentation records the liquid level, density, temperatureand activity of solutions in tanks 0-7 and C-8. Caustic is supplied to tank0-8 from the 400 gallon scale tank, C-8A.

CONCENTRATION (224) BUILIENG WASTE DISPOSAL PROCESS AND OPERATIONS

Waste disposal procedures in 224 Building are conducted on a more flexi-ble basis than in 221 Building. This is necessary because five wastes per
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run must be put through Oell G equipment. The wastes may be disposed of in-
dividually, or two or three may be combined, whichever proves to be most
convenient.

The bismuth by-product cake solution is neutralized with 83.8 lb. of 50%
caustic per 100 lb. of 66% nitric acid used to dissolve the cake. If con-
vbnient, this waste may be neutralized with half of -the fluoride prod. Ct pre-
cipitation waste, E-3WS. If the bismuth phosphate by-product waste (A-4BP)
is treated alone, it is diluted with .6000 pounds of water per run before
caustic addition, to make the reaction less vigorous.

The fluoride by-product waste, D-4BP, is an aqueous slurry. As a safety
factor, 50 pounds of 50% sodium hydroxide is added per run to take care of
residual acid from process solutions.

The fluoride product precipitation waste, E-3WS, is so large that it isreceived and neutralized in 0-8 in two portions. The following factors areused to calculate caustic requiremnts:

For each 100 lb. of 60% HNo_ (17-4P), add 84 lb. of 50% caustic
For each 100 lb. of Bl adde in D and K, add 400 lb. of 50% caustic
For each 100 lb. of 73.5% H3PO4 added in A, add 182 lb. of 50% caustic
For each 100 1b. of solid %pC2O4 , add 125 lb. of 50% caustic

The alkaline ntathesis wastes, F-7WS and F-9WS, are jetted through Tank0-8 to the settling tank. If convenient, they may be combined with either orboth of the by-product wastes. No ac ;ount is taken of the free alkali in the
ntathesia wastes in calculating the caustic requiremnts of the by-product
wastes.

Floor wahings from Cell F are collected in Tank F-8, assayed for productand jetted to waste via Tank 0-8.

- ISOLATION (231) BUILU[NG WASTE DISPOSAL EQUIPbZNT

Sump Tank (251-W-1W1

-A 39 00 tgallon stainless steel sunp tank (231-W-151) illustrated dia-
grammatically in Figure 85, Chapter II is provided for the collection of active
waste solutigns from the process cells and laboratories in the Isolation (231)Building, which are fed to this tank through two 3-inch stainless .steel lines.
This sup tank is provided with an agitator, and includes pipe connections atthe grade level to sodium hydroxide drums for neutralization, and through a
dip tube t: a steam jet, whereby the contents may be emptied to the Reverse
Flow Well 231-W-150 or buried sumps.
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Open Ditch

An openditch is provided (See Figure 77, dhapter II) adjacent to the
231-W Building which is-used for the disposal of innocuous wastes from the
laboratories and process cells.

ile Field

A tile field ia provided (See Figure 77, Chapter II) near the 231-W
Building for disposal of sanitary wastes.

WASTE DISPOSAL PROCESS AIM OPBRATIONS - ISOLATION (231) BUILDING

The actiye waste solutions form process cells and laboratory sinks whichcollect in the sump tank (231-W-151) are usually acidic in character, and con-tain product to the extent of a few micrograms per liter. These waste solu-tions are netralized, with sodium hydroxide, and then jetted to the dry.wellsor buried sunwa.
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'Qerating Standard 221-81, Coating Waste

O erating Standard 221-82, Metal Waste

Oprating Standard 221-83, Decontamination Wastes

Operating Standard 224-81, 224 Building Wastes

Report CN-2021
Coating waste, pp. 10, 11
Metal waste, pp. 24, 26

HEERENCES

Decontamination wastes, pp. 38, 41, 48, 55-7
224 Building wastes, pp. 48, 67-8, 77-8

S e6port CN-1860, Site I Waste Disposal

Keport N-1418, Site I Waste Disposal

deological
LI- - -. Letter and enclosures 5/13/44, Chambers to- Daniels

Letter, "HEW Class I+ Waste Disposal", 10/18/44, Chambers to Kay

Absorption of Activity by W Soils, Overstreet and Jacobsen, Berkeley,
1O/3/4 (no- report number); also, covering letter, J. G. Hamilton
to N. Eilberry, 9/29/44

Aeport CN-2045
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DRY MMnt. DATA

The seven test wells in each area, 241-130 to 136 inclusive, are 150
feet deep. Data on the wells. actually used for waste disposal are given in

- the following tables. All wells are of 6-inch iron pipe except the 222-110
wells, which are of 3-inch stainless steel.

Wel Depth, Ft. Elev. at Grade, Ft. Length Perforated, Ft.

241-T-361 287 707 62
241-T-361A 2o6 707 100
241-U-361 302 694 66
241-B-361 302 683 59
222-T-110 75 775 25
222-U-110 75 25
222-B-fl0 75 701 25
231-W-150 150 32

Logs of Dry Wells

The logo of the waste disposal wells are given below. Opposite each
depth in feet the soil composition is reported from that point down to the
next depth given. The symbols are explained by the following key.

Key

B - boulders F - fine
Ba - basalt G - gravel
Br - brown Q - quarzo - coarse S - sand -
Cl - clay Y - yell-W

241-T-361 -

Depth Soil Depth oil epth

0 a 105 Br cl -- 212 B
7 8 & G 120 01&a 2214 S & G12 G 125 G - 245 G

17 CG 137 Br Cl 250 FG & S
19 1 & G S & G 270 FS
28 CG 160 G & S 275 CG
32 S 167 B -285 wets
36 G 175 G 28740 S 198 G & S

- 932-
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241-T-361A

Depth

0
2

' -13
297

Depth SoilSoil-

S& G
S & G
B
S & G

241-U-361

- Depth Soil

8 -
32
4
79

.103

S & G
FS
Q, Ba & S
S
S&G

Y 01 & S

77
85

:162
175

G
S& G
CG
B

Depth Soil

117
150
158
184
189
195 -CG
216 -a

Cl & S
Y CL
Sandy Cl
CG
Q&B

241-B-361

Depth Soil

,tt
38 1
55 t

S& G
S
S & G

222-T-110

Dpdt Soil

0 B
6- G

14 cGc
2017 B

222-U-110

Depth Soil

24
34
39.
40.

a.&B
CG
G
S

222-B-10

0--- -G

s& a
S

Depth Soil

0 G
27 S & G
4o s
75

Depth Soil

183
206

Depth

- 224
250
268
273
299

- 302

G

Soil

S & G
G
CG & B
S-& G
8

Depth

6o
205
230

Soil

S
8 & G
G

Depth

290
295
302-

Soil

S
cS

Depth Soil

53
72
75-

G
S

Soil

23
4o

75
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241 BUILDING REFERENCE DRAWINGS

Maps

2892p Sheets 10-1 "T"
28929 Sheets 18-19, 'T"
W-72182, Plot Plan

7D-Foot Diameter Tanks

BPF-73550
W-72743, Arrangement
W-71387, Concrete

20-Foot Diamter Storage Tanks

BPF-73550
W-72417, Concrete
W-74137, Pipe Supports

Condensers

W-72927, Arrangeant

2890, Sheet 33, "B"
2890, Sheet 27, "C"

W-74108, Details
D-64000, Riser Plugs
BPF-74353, Thermonmter

W-72742, Arrangement
D-64000, Riser Plugs
BPF-74353, Thermmter

D-62839, Details

Diversion Boxes

W-72J83,
W-7284,
W-72185,
W-72186,
W-72W461,
W-72 84,

n-62±7,D-611_17,

Retention Bas-in

Arrangement, Plan
Arrangemnt, Plan
Arrangement, Section
Steel Framing
Concrete
Cover Slabs
Jumpers
Saddle Brackets

D-611194, Kick Plates
D-61114F, Flanges
D-61116o, Connector Blocks
D-60749B, Horizontal Steel Guide
D-60746A, Cast Steel Nut
D-60743, Scr6w and Key
D-60744, Dowel Pin & Jaw Guide
D-61446, Jaw and Pin
D-63149, Slab Lifting Beam

W-73636, Concrete

Settling Tank and Dry Well

, W-73975, Arrangement

BPF fl1630, 20 Foot Diamter Settling Tank, 241-361
W-72902, Tank and Dry Well Arrangement

Catch Tank for Diversion Box Drainage

BPF-74650, 20 Foot Dianiter Catch Tank, 241-301
W-72903, Arrangement
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Map 2928, Sheet 10, "T'
Map 2928, Sheet 18, "tP4.
W-75060, Flood Lighting
W-76157, Floodlight Towers
T-74875, 44OV Receptacle and

APPENDIX

Map 2906, Sheet 33, "B"
Map 2906, Sheet 27, "C"
W-71636, Distribution Diagram,
W-72024, Distribution Diagram,

WrenOa ContrQl Details

Buried Sumps

231 Building H-2-346..
221-T Building and 222-T Building 11-2-353

4,
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WASTE DISPOSAL OPERATIONS

Date
Run No.

II - NEUTRALIZATION PRODUCT' WASTE SOLUTION - 2NtD HALF 2ND DECONTAMINATION

I. When notifiod by the dispatcher, .
turn on 15-6 air spargei and jacket
cooling water to cool solution as it
is beiig received.

2. Beckman reading on 15-6.

3. Recei67 the second half-of the product
waste solution from 17-3 in 15-6.
(TW from 17-3 approx. 12,250 lbs.)

4. Start 15-9 agitator and turn cooling
water on 15-9 jacket.

5. Beckman reading on 15-9.

6. Allow _the 15-9 to 241 Bldg. jet to
remain on air for 20 minutes after
15-9. 1a emptied to blow out the line,
then jet 15-6 to 15-9. Shut off 15-6
jacketwater and air sparger on com-
pletili of transfer.

7. Beckman reading on 15-6.

8. Beckman reading on 15-9.

9. Add 1930 lbs. of 50% Sodium Hydrox-
ide (Line Q) to 15-9 via 15-9A. Hold
temperature below 5000. by adjusting
the rate of addition.

10. Agitatel5-9 for 10 minutes.

11. Shut off 15-9 agitator and read Wt.
Ftr., Temp. and Sp. Gr. when the Sp.
Gr. mater beccmes constant, then start
15-9 agitator.

12. Call dispatcher, give charge data and
obtaiif permission to jet waste so-
lutioLxfrom 15.9 to 241 Bldg. (Tank
XJ-l10)

13. Shut off 15-9 agitator and turn cool-
ing w aer off 15-9 jacket.

14. Beckman reading on 15-9.

W3.2. B- 943 -

15-6 Air sparger on
15-6 Jicket water on

,Meter Factor

Time start Time end
15-6 Wt. Ftr. Lbs.

15-9 Agitator on
15-9 acket water on

Meter Factor

Time start Time, end -
15-9 Wt. Ftr. - Lbs.
15-6 Jacket water off
15-6 Jacket water off
15-6 Air sparger off

Meter- Factor

Meter Factor

Time start Time end
Lbs. added -

Time start ___-Time end

15-9 Agitator off
15-9 Wt. Ftr. Lbs.
15-9 Sp. Gr. Temp. -
15-9 Agitator on

Time called
Time start Time end

15-9 Agitator off
15-9 Jacket water off

Meter Factor

a

F
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Date - -
Run No'.

I - CONCENTRATION BLDG. WASTES - DISPOSAL OF

1. Beolnan on 0-8

2. Add 720 Gal. of water directly
to C-a- via sanitary water line.

3. Receive approx. 1750 lbs. of A-4 BP
into Y-8, starting 0-8 cooling
Vater-and agitator.

4 . Beckmn on C-8.

5. Stop q8 agitator when temperature
falls- below 5000 and read Wt. Ftr.
and Sp. Gr. when constant.

6. Start 0-8 agitator.

7. Add 1250 lbs. of 50% sodium hy-
droxiae to C-8 via C-8A (Line
Q). Keep temperature below
500C.- Stop cooling water at
end of neutralization.

8. Ten minutes after all sodium
hydroxide is added, stop C-8
agitator and read Wt. Ftr.
and Sp. Gr. when constant.

9. Start--8 agitator.-

10. Check ith Cell F supervisor
and receive into C-8 any F-7-WS
F-9-WS which may be ready to go
waste.

11. Stop 0-8 agitator and read Wt.
Ftr. nd Sp. Gr. when constant.

10.

12. Starttt.8 agitator

13. Read -uge on 3&l tank. When
level 7 s satisfactory and with
0-8 teiiperature below 500, jet
c-8 to-waste. When Wt. Ftr.
pen re&b hes 0.2, stop agitator.
When jet gasses, stop jet.

14. Beckman on C-8

I R io/. 944-

or
to

A-4 BP

Meter -.Factor

Gal. water added _ Time

Time start jetting
0-8 agitator on
C-8 water on -
Time end jetting

Meter _Factor

C-8 agitator off_-
C-8 Wt.Ftr. Lbs.
C.-8 Sp.-Gr. Temp. --

C-8 agitator on

Lbs, sodium hydroxide add
Time start _ Time end
Mai. Temp.
Time water off

C-8 agitator off
Wt. Ftr. Lbs.
Sp. Gr. Temp.

0-8 agitator on

F-7-WS PuR No.
F-9-WS Run No.
Time start jetting__Time end

0-8 agifator off'-
0-8 Wt. Ftr. - Lbs.
0-8 Sp. Gr. Temp. -

C-8 agitator on.

Tank 36 level
Time start jet
0-8 agilator off
Time stop jet

Meter Factor.

HW-10475-C

WASTE DISPOSAL OPERATIONS
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WASTE DISPOSAL OPERATIONS

Date
Run No.

II - CONCENTRATI)N BIDG. WASTES - DISPOSAL OF D-4 BP A0 I -3 WS

1. Beckman on 0-8

2. Note that C-8 is empty

Meter Factor

Time emp ty_

3. Receiveapprox. 3500 lbs of D-4BP and approx. 18,500 lbs of E-3WS into
C-8. kun agitator continuously after receiving first waste, except
when reading Wt. Ftr. Use cooling water as necessary to bring temp-
erature below 3500.

WASTE RUN NO. 0-8 WT.FTB. LBS
n.-4BP
E-3WS

4. Start 6-8 cooling water

5. Beckman on C-8

6. Add 2700 lbs of 50% sodium hy-
droxidi to 0-8 via C-8A (Line Q).
Keep temperature below 3500. Stop
cooling water at end of neutrali-
zation.

7. Ten minutes after all sodium hy-
droxide is added, stop 0-8 agi-
tator and read Wt. Ftr. and Sp. Gr.
when c-nstant.

8. start -8 agitator

9. Check with Cell F supervisor and
receive into C-8 any F-7.-WS or
F-9-WS which may be ready to go to
waste.-

10. Stop W- 8 agitator and read Wt. Ftr.
and Sp. Gr. when constant.

11. Start-C-8 agitator

12. Read guge on 361 tank._ When level
is satisfactory and with C-8 tempera-
ture below 3500, jet C-8 to waste.
When Wt. Ftr. pen reaches 0.2, stop
agitator. When jet gasses, stop jet,

13. Beckman on C-8.

10.2 R 10/U 5.. 9 -

-TTVMSTART DATE TIME END TEMF.

0,-8 water on

Meter Factor

Lbs sodium hydroxide add -
Time start Time end
Max. Temp._
Time water off

0-8 agitator off
Wt. Ftr. Lbs.
Sp. Gr. _ Temp-

0-8 agitator on

F-7-WS Run No.
F-9-WS Run No.
Time start jetting __Time end

C-8 agi ator off
0-8 Wt. Ftr . Lbs.
c-8 Sp. Gr. Temp.

0-8 agitator on -

Tank 3 1 level
Time start jet
C-8 agitator off-
Time stop jet

Meter _ Factor



Date_.
Iun No._ALF____ B

-111 - CONCENTRATION BUDG. WASTES - DISPOSAL OF DA BP

HW-10475-C

WASTE DISPOSAL OPERATIONS

- DECLASSIFIED
1. Beckman on c-8

2. Add 720 gal. of water directly
to C-8via sanitary water line.

3. )Receive approx. 3500 lbs of D-4BP.
into C 8, starting C-8 cooling
water and agitator.

4. Beokman on a-8.-

5. Stop G-8 agitator when temperature
falls-below 3500 and read Wt. Ftr.
and Sp Gr. when constant.

6. Start C-8 agitator

7. Add 5d lbs of 50C sodium hydrox-
ide to 0-8 vin C-8A (Line Q).
Keep temperature below 3500.' Stop
cooling water at end of neutraliza-
tion.

8. Ten minutes after all sodium by-
droxide is added, stop C-8 agita-
tor and- read Wt. Ftr. and .p. Gr.
when cgnstant.

9. Start m-8 agitator

10.- Check with Cell F supervisor and
receivei into c-8 any 1t4-WS or
F-9-WS-which may be ready to go
to waste.

11. Stop c.8 agitator and read Wt.Ftr.
and Sp. Gr. when constant.

12. Start 6-8 agitator.

13. Read &uge on 361 tank.When level
is satisfactory and with C-8 tempera-
ture below 3500, jet C-8 to waste.
When Wt. Ftr. pen reaches 0.2, stop
agitator. When jet gasses, stop jet.

14. Beckma-i on C-8

Meter _-Factor

Gal. water added Time

Time start jetting
0-8 water on
0-8 agitator on
Time end jetting

Meter -- .Factor

C-8 agitator off
C-8 Wt.Ftr._ - Lbs.
C-8 Sp. Gr. Temp.

C-8 agitator on

Lbs sodium hydroxide add
Time start__ Time end
Max. Temp.
Time water off

C-8 agitator off
Wt. Ftr. _ _ Lbs.
Sp. Gr. -Temp.

0-8 agitator on

F-7-WS Tun No.
F-9-WS -un No.
Time start jettingsTime end

0-8 agitator off
C -8 Wt. Ftr. -- Lbs.
C-8 Sp. Or. ____Temp.

c-8 agittor on

Tank 361 level _-
Time start jet_
C-8 agitator off
Time stop jet

Meter Factor

10.3 - 10/45 - 946 -



Dateo.
Run No. ___

IV - 0ONCENTRATION BLDG. WASTES - DISPOSAL OF E-3WS

1. -Beckman on C-8 Meter

2. With C6 empty, receive E-3WS Time
(approx. 18,500 lbs) into C-8, 0-8 a
starting C-8 agitator and cool-- C-8 w
ing viter when Wt. Ftr. pen starts Time
to rise .

3. Becklnan on C-8 Meter

4. Stop 6 8 agitator when temperature c-8 a
falls below 350C and read Wt. Ftr. c-8 W
and Sp. Gr. when constant. c-8 s

5. Start>-8 agitator C-8 a

6. Add 26O lbs of 50% sodium hydrox- Lbs s
ide frm C-BA (Line Q) to C-8. Time
Keep C_8 temperature below 3500. -Max.
Stop J oling water at end of neu- Time
tralization.

7. Ten minutes after all sodium hy- C-8 a
droxide is added, stop C-8 agi- Wt. F
tator and read Wt. Ftr. and Sp. Gr. Sp. G
when constant.

8. Start 0-8 agitator

9. Check with Cell F supervisor and -
receive into C-8 any F-7-WS or
F-9-WSwhich may be ready to go
to weage.

10. Stop Oi.8 agitator and read Wt. Ftr.
and S. Gr. when constant,

11. Start b-8 agitator

12. Read gauge on,361 tank. When,
level is satisfactory and with
C-8 temperature below 350C, jet
C-8 towaste. When Wt. Ftr. pen
reaches 0.2, stop agitator. When
jet gasses, stop jet.

13. Beckma-n on C-8

io.4 R 10/4 -5-947-
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Factor

start jetting
gitator on.
ater on
end jetting

--Factor

gitator off
rt .Ftr. Lbs.
p. Gr. Temp.

gitator on

odium hydroxide add
start, Time end
Temp.
water off

gitator off
tr
r.

_____ Lbs.
Temp.

C-8 agitator on_

F-7-WS 'nun No.
F-9-WS Run No.
Time start jetting Time end-

C-8 agitator off
0 -8 Wtt.Ftr. bs .
C-8 Sp. Or. Temp. - - -

0-8 agitator on_

Tank 36 level_
Time start jet _
C-8 agifator off.
Time stqp jet

Meter - Factor - +

a



DECLASSIFIED HW-10475-C

WASTE DISPOSAL OPERATIONS

Date
Eun No.

V - CONCENTRA ION HLG. WASTES - DISPOSAL OF F-7-WS (For use when C-8 is etpty
and F-7 WS Waste must be disposed of alone.)

1. -Becloizt On C-8

2. Check that C-8 is empty.

3. With sopervisor's approval,
receive approx. 28Q0 lbs of F-7
WS frop F.-7 into c-8.

4. Bec1n on 0-8.

5. Start b-8 agitator.

6. Read gauge on 361-tank. When
levelJs satisfactory, jet C-8
to waste. When Wt.Ftr. pen
reaches zero, stop agitator.
When jet gases, stop jet.

7. Beck n on C-8.

5 R 1645 9

Meter -_ Factor

C-8 WT.Ftr. _ Lbs.

Time OK to proceed
Time start Time end
C --8 Wt.Ftr. Lbs.

Meter Factor

C-8 agitator on

Tank 361 level
Time start jet
C-8 agitator off
Time stop jet

Meter Factor

a8 -10.



HW-10475-C

WASTE DISPOSAL OPERATIONS

Date
Run No.

VI - CONCENTRA'ON BLDG. WASTES - DISPOSAL OF F-9-WS (for use when a-8 is empty
and F-9-WS Waste must be disposed of alone.)

1. Bechman on 0-8.

2. Check-that C-8 is empty.

3. With supervisorts approval, re-
ceive approx. 2,500 lbs. of F-9-WS
from P-7 into C-8.

4. Bockmai on 0-8.

5. Start 0-8 agitator.

6. Read gauge on 361 tank. When
level>4s satisfactory, jet C-8
to a&te. When Wt. Ftr. pen
roachds zero, stop agitator.
When Jet gasses, stop jet.

7. Beckman on c-8.

10.6 B 10/45 - 4

Meter ' Factor _

0.8 Wt.Ftr. Lbs.

Time OK to proceed .

Time start Time end

C -8 Wt tr. . Jbs .

Meter Factor

C-8 agitator on

Tank 361 level

Time start jet

0-8 agitator off

-Time stop jet

Meter Factor

DECASSIFIED

a- 949-10.6
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Buried sump, 912, 913
By-product cake solution, 903
Canyon Building wastes, 903
Catch tanki, 910
Call drainage, 914, 924
Coating removal wastes, 903, 908, 926
Concentration Building wastes, 903
Condenser, 907
Cooling wa'er, 904
Decontamination wastes, 903, 908
Diversion box, 904, 910
Dry well, 912, 913, 932
Extraction-wastes, 903, 908
Fission activity, 903
Geology, 904
Isolation wastes, 904, 929

STE DISPOSAL

Laboratory wastes, 904
Metal wastes, 908, 918, 924
Neutralization, 925, 927
Product, 903
Retention basin, 910
Sanitary wastes, 904
Settling tank, 912
Sewers, 914, 927
Soil, 904, 933
Storage tanks, 907
Stack drainage, 904
Sumps, 912, 913
Tile field, 930
Toxicity of product, 903
Types of waste, 903
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INTRODUCTION

HM~flD - OFLSFIEO
HANFOD ENGINEER WCPKE TECBNICAL MANUAL

SECTION C - SEPARATIONS

tT

CHAPTER X - INSTUMENTS

In carrying out the separations process, the re quirements of remote
operation an? health protection necessitate the use of many specially de-
signed instruments in addition to an extraordinarily large number of the
usual industrial types. In this chapter more emphasis is placed on the
description and use of the special purpose instruments than on the more
common industrial types, since it is assumed that the reader is in some
degree familiar with ordinary temperature and pressure instruments and the
like.

In the 200 Areas, the instrumentation is divided among the various
'buildings but, except for the analytical instruments, the preponderance is
contained inthe Canyon (221) Buildings, with smaller amounts of similar
equipment in the Concentration (224) Buildings, and Isolation (231) Build-
ing.

With the exception of a few health monitoring instruments, the perma-
nently located instruments of the Canyon Building are mounted in the operat-
ing gallery on 32, feet of gauge board divided into 18 groups - one for each
of the canyon sections of 2 cells each except for two sections which contain
no equipment. Each group comprises a number (1 to 9) of standardized instru-
ment panel units 2} feet wide and 7jfeet high, chosen and arranged to suit
the instrumentation needs of that particular section.

-1001 -
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ADIATION MEASUREMENT'S DECLASSIFIED
BADIATION MEASUREMINT

The material handled in the Canyon and Concentration Buildings is radio-

active to various degrees,. depending upon the stage of the process. Provision,
therefore, is made to measure the radiation intensity for two purposes: (1)
the intensity existing in each process vessel is constantly recorded to give
valuable process information, and (2) the inhabited parts of the buildings and

site are conslantly monitored to give information pertaining to the health
hazards. In the latter-category only those instruments which are also of in-

terest to operating personhel are described.

Process Cell Chambers

M4eans are provided for measuring the radiation intensity from each pro-

cess vessel i the Canyon and Concentration Buildings This radiation infor-
niation:

a) indicates the approximate activity of the solutions inside the tanks;

b) per to th6 operator to "see" the soiutiond enter and leave the

veses; -

a) givwian indication of the effectiveness of the decontamination
steps, and

d) shove when, if ever, it is safe to approach the equipment in the

cells for maintenance purposes.

The radiation sensitive elements in this application are ion chambers,

made by the General Electric Company, which have the outward appearance of
steel cylinders 5 inches in diameter and 27 inches in length. This cylinder

contains a highly insulated center "collector electrode", and a concentric

"high voltage electrode" near the outer shell. The entire cylinder is filled

with argon gis at atmospheric pressure. Whenever gamma rays enter the cham-
ber, some of their energy is expended in ionizing th argon. These ions are

attracted tothe electrode of opposite charge and cause a minute electric

current to flow from one electrode to the other through a suitable external

circuit. This current is proportional to the radiation intensity. A sketch
of an ion chamber and its attendant equipment is shown in Figure 1.

Each section of the Canyon Building contains up to four G.E. chambers,

one for each process vessel, located in 6-inch steel pipes embedded in the
concrete cell partition. A "window", covered with a steel plate, is provided

in the concrete opposite each chamber so that each chamber "sees" predomi-

nantly the vessel which it is intended to monitor. _The collecting electrodes
of each chamber in each section are individually connected to points on an

automatic multiple switch which connects one point it a time to a Beckman

micro-microammeter, a special amplifier capable of amplifying currents from
10-12 to 10-7 amperes to full scale meter deflection, depending upon which of

six ranges is chosen. The reading of the Beckman amplifier is recorded on a
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RADIATION MEASUREMENT

four-point Micromax recorder which is synchronizedtwith the action of the
multiple swTtch to print the radiation intensity at each chamber separately on
the record _chart. The switch can also be set to record continuously from any
one chamber. The Beckman amplifier, multiple switch, and recorder for each
section are grouped together on a single panel boad.

In theConcentration Building an identical chamber-switch-amplifier-
recorder system ia used, but the location and mounting of the chambers is some-
what different. This is because of the different-jrrangement of the four tanks
in each cell, and because of the lower actifities present. In the case of each
tank exceptthe centrifuge, the chamber is contained in.a heavy cast iron U-
shaped shiafl which is supported from the concrete floor by steel legs. This
assembly iii placed near, but not touching the tank, with the open side of the
shield facing the tank. The chambers are so oriented that the field of "vision"
includes only the tank each is intended to monitor. The centrifuges are iso-
lated by concrete partitions from the other tanks,-so that the cast iron shields
are unneceary. The chambers foi' the centrifuges are mounted in niches lo-
cated on the walls of the centi'fuge enclosures.

Health Monivoring Instruments

General Radiation Hazards - Intensity Measurements

The general activity level existing in the canyon deck area is monitored
by speoialY3onization chambers located beside eachjof the ten rear entrances
to the canyon. These ionization chambers, known as H.M. (health monitoring)0 chambers, have fiber walls and contain almost no natal parts. The purpose of
thia type Ef construction is to obtain a radiation response comparable to that
of the human body. Some of these H.M. chambers incorporate a movable door, or
cover, which when open, allows beta particles as wall as gamma rays to enter
the chambet through thin plastic windows. Beckman amplifiers and automatic
multiple esitches, located outside the building under the rear stairs, transmit
the chambe-tread.ings to four Micromax recorders located in the dispatcher's
office in Building 271. The readings of these recorders are useful to the dis-
patcher in permitting access to the -canyon.

An H.A. chamber installation with a Beckman amplifier and single point re-
corder is located in the operating gallery-opposite section 9. Its purpose is
to indicate immediately the presence of active solutions in the operating gal-
lery piping. Such an occurrence is possible through improper operation of the
transfer jet, spray, or sparger valves. This installation is equipped with an
-alarm.

Two H:M. chamber installatiols are located in the pipe gallery opposite
Sections 4 end 13, with recorders located in the operating gallery. Their
purpose is to indicate immediately the presence of active solutions in the
pipe gallery, but these installations do not havealarms.

An H.. chamber, located on the outside of the crane cab, operates a
Beckman amijlifier located inside the cab. This ia- for the crane operator's
guidance when he wishes to leave the shielded cab.- No recorder is used in
this installation.

A 5-inch steel General Electric chamber is located in the railroad tunnel

- 1005 -
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at the upper corner in line with the operating gallery The ion cur ent is
indicated on a Beckman meter located in the operating gallery, and repeated on
another meter located in the dispatcher's office. This installation is useful

to give assurance that no slugs were dropped or left in the tunnel after the
loading operation.

Radialion Dosage Measuring Instruments - Victoreen Integrons

In afition to the radiation intensity measuring instruments described
above, another type of instrument is in ai& which indicates the radiation
dosage accinnlated over a period- of time. This instrument is the Victoreen
Intenron.

The Itegron employs an ionization chamber whose collecting electrode is
normally iloating - free from any connection to tie circuit - and well ineu-
late% ThIq walls of the chamber are coated with "Aquadag" and are at ground
potential. The chamber is periodically (at least-every 8 hours) automatically
given a charge of about 250 volts. When the chamber is exposed to radiation,
an ionization current flows in the collector circiit and causes its voltage to
drop. Hence, over a period of time, the drop in the electrode voltage will be
proportional to the integrated radiation (dosage) received by the chamber.
Measurement of the collector voltage is accomplished without drawing any cur-
rentiiom .t by means of a motor driven rotating condenser; the highly ineu-
ldted staf6r of. the condenser.is connected directly to the collector, while
the rotor is connected to the input circuit of a vacuum tube amplifier. The
a acSiti cingei of the system caused by tlEe rotation of the condenser cause
an alternating voltage to appear across the input of the amplifier whose magai-
tude is proportional to the DC potential of the collector electrode. The onput
of the amplifier is rectified and passed through a milliameter, whose reading
expresses the charge of the chamber.

The rate of drift of this meter reading is indicative of the radiation
intensity,- and the instaneous reading indicates the accumulated dosage since
the chamber was charged. The chamber is charged automatically every 8 hours,
and also when 0.1 Roentgens of-radiation is accumulated in less than 8 hours.
A specially modified recorder is used to yield a record of the Integron read-
ing.

StackGas Monitoring Instruments

The principal components of the stack gas which present a possible hazard
are radioactive xenon and iodine. A sampling point is located at the stack 50
feet above the ground from which gas samples are drawn through the intensity
measuring-equipment. The gas is first passed through a soda ash solution
acrubder to remove the ioaine, the solution then is passed through a Saran
tubing coil inside a special ion chamber which me&rsures the activity of the
iodine dissolved in the water. The gas, after pa-sing through the scrubber,
is first dried and then passed through a different ion chamber to measure the
activity of the remaining components, principally xenon. The readings of two
Beckman amplifiers (one for each chamber) are recorded on a two-point Micromax
recorder. -Since the stack gas-scrubbing water flow ratio is required to
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calculate the Iodine concentrationin the stack, it is measured both by roto-
meters and orifice meters which operate a recording ring balance meter.

Process Cooli Water Monitor

The cooling water discharge from the Canyon and Concentration Buildings
join at a siwer man-hole, and then run to the retention pond in the waste
disposal area. The water from'either or both buildInge may be continuously
monitored as regards activity. At the manhole, water samples are continu-
ously pumped through a small steel tank containinga glass Geiger-Mleller tube.
Should any beta or gamma activity be present in the water, the GM tube will
give rise to electrical impulses whose rate will be dependent upon the degree
of activity present. These pulses are automatically collected and differenti-
ated to give a meter reading expressing the rate of pulsing in counts/minute,
which is proportional to the activity in the water.

The 6M tube used in this instrument is a thin walled glass cylinder about
3/4 inch in diameter and 8 inches long, A sketch of this tube is shown in
Figure 2. The central portion has walls thin enough to permit penetration by
gamma rays, and all but the softest beta rays. The tube contains a very fine
tungsten wire charged at high voltage; the glass wall is coated with silver
and is at ground potential. The tube is filled with a mixture of argon and
alcohol vapor at a pressure of 10 cm.of Hg. Whenever an ionizing particle
enters, or Is formed in the tube, an electrical discharge is initiated which
causes the voltage of the central wire to drop until the discharge is quench-
ed by the gas characteristics. This voltage drop constitutes a pulse which,
after suitable amplification, is included in the counting rate.

The instrument used to amplify and differentiate the pulses or counts is
an electronic circuit called a counting rate meter. The pulses received from
the GM tube are first amplified, and then passed through a special "trigger"
circuit which yields pulses of equal size regardless of the size of the input
pulse. These pulses (one for each count) are impressed on a condenser which
has a resistor connected across it. As the pulses are applied to the conden-
ser, its voltage will increase until the current leakage through the resistor
equals the current input from the pulses. Hence, the equilibrium voltage on
the condenser is proportional to the rate at which-the pulses are being re-
ceived. The condenser voltage is measured by a suitable electronic circuit,
indicated on a meter, and recorded on a recorder located in the Concentration
Building.

In the Lag Storage (212) Buildings an instrument identical to that des-
cribed above is used to monitor the activity of the water leaving the basin
at any one of three points. It is also possible to sample the water in the
tank cars used to bring .the casks into the building. Appreciable activity
in these waters indicate that some ofthe slugs have broken jackets.

Active Waste Detecting Instruments

An instrument has been provided for use in the Waste Disposal Area (241
Building) to detect any activity in the ground arising from leaks in the
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twelve 75-fot diameter waste storage tanks. A total of seven test wells
6 inches In diameter and 150 feet deep have been drilled in the vicinity of
each 241 Building area. One well is in the center-of the group, one at
either endtand two on each side. The device described in the following
paragraph rnay be lowered into any well to survey the gamma activity of the
surrounding earth.

The sensitive element of this device comprises a glass GM tube enclosed
in a rugged waterproof brass case 5 inches in diameter and about 14 inches
long. A onp tube "cathode follower" circuit is also inc1 ded in this case
in order to convert the GM tube pulses to a. form capable of being transmit-
ted through the necessarily long cable to the earth's surface The GM tube
assembly is supported by a light chain and two cables, - one for the high
voltage to the GM tube, the other containing the filament and plate voltages,
and the signal lead.

The rest of the equipment comprises a portable rubber tired cart (See
Figure 3) supporting:- (1) a reel for handling the chain and cables and
(2) a scaler, timer and mechanical register. The scaler is a self contained
electronic unit which (1) supplies high DC voltage to the GM tube, (2)
amplifies the GM pulse, and (3) reduces the number of pulses by a factor of
64. The latter is necessary in order to obtain a counting rate slow enough
to operate a mechanical recorder. The mechanical recorder is a magnetic-
mechanical device which records the number of counts leaving the scaler.
This figure times 64 and plus the number of counts _"left in" the scaler

"(shawnby neon interpolation lights) is equal to the number of GM pulses
formed during the test.

Another instrument used in the 241 Building area is a device to show
the depth of settled solids in the 75-footxtanks. The fact that any solids
settling out will carry most of the activity makes possible the use of a
radiation sensitive sounding device. A 3-inch closed end pipe extending to
the bottom of the tank is installed in one of the 4-inch tank openings. A
small ion chamber may then be lowered down this pipe, and a sudden increase
in ion current (indicated on a micro micro-ammeter) indicates that the cham-
ber is passing through the interface between the sludge and the clear liquid.

VISUAL AND AUDIBLE AIDS

Centrifuge Wobble Meters

Each of the eleven centrifuges in the Canyon Building anixthe five in the
Concentration Building is equipped with a wobble meter. The purpose of this
instrument is to detect any unbalance of the centrifuge bowl due to uneven
distribution of the slurry. Severe wobbling at high speed could, of course,
damage the bearings or other mechanical parts. A magnetic pick up device,
mounted on the centrifuge, generates modulated 6 0-cycle signal whose ampli-
tude of modulation is proportional to the centrifuge shaft displacement.
This signal, after amplification, is .impressed on the vertical deflection
plates of a cathode ray tube. The horizontal deflection plates are connected--
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FIGURE 3
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to a 6 0-cyle source. The result is that the operator sees a closed pattern
which ideally expands from a straight line to an ellipse and back. The ma-nitude of this fluctuation is proportional to the wobble of the centrifuge
shaft. -

Cell Microphones

All process tanks are equipped with contact microphones. The operator,
by listening to loud speakers connected to these microphones, may ascertain
to som degree what is going on in the tank. He should be able to tell if.
the agitator is operating properly and hear solutions being loaded or un-
loaded. Operating experience is expected to increase the usefulness of this
instrument.

The oerall noise inside of most cells of the Canyon and Concentration
Buildings is monitored by ordinary space microphones located within each cell.
Any departure from the type of noise shown by experience to be characteristic
of the cell indicates the possibility of some mechanical trouble.

The amplifiers for the contact and space microphones are located in the
operating galleries opposite the gauge boards. They are arranged in relay
racks containing up to four amplifiers with their power supplies. Some
amplifiers-handle more than one microphone; the required switches are located
on the gauge boards. Loud speakers, one for each amplifier, are located on
top of the gauge boards. The sound volume may be controlled by gain controls
located on the amplifier and on the gauge board.

,Crane Optical Aids

The crane cab in the Canyon Building is separated from the canyon by a
concrete partition to protect the operator from radiation hazards. For this
reason since the operator cannot directly watch the operation of the crane,recourse must be made to optical aids.

Two large periscopes, one on either side of the crane bridge permit the
operator to view the crane hooks, impact wrenches and cell equipment with
clarity. Although the field of vision is rather limited (to gain magnifica-
tion), scanning may be obtained at the operator's discretion by electric
motors which "telescope" the periscope across the canyon, and rotate it on
its, axis. The eyepieces are automatically synchronized with the viewingdirection of the objective ends of the periscopes so that the operator is
always looking in the true direction.

Iarge-iegative lenses have been installed on the outboard aide of each
periscope objective so that when the objective is rotated in this direction,
a tremendously increased field of view is obtained. This allows the operator,
in one glance, to get a general view of the canyon to see whether or not all
cover blocks are in place and to see if anyone is on the deck.

A television camera also is installed under the near, right hand corner

- 1011-



HW-10475-SEC. C
631

COPY NO. SERIES C

INDULT5IAL INSTRUEMTS

of the cr ne bridge. The viewing angle of this Inotrument is varied by elec-
tric motars under the operator's control which rotate the camera on horizontal
and vertical axes. The "picture" picked up by the camera is transmitted by
wire to the crane cab where it appears on the screen of a cathode ray tube.
Although the television lacks the definition of the periscope, it has a broader
field of view, is not as tiring to the eye, permite quicker scanning of the
situation, and affords an additional view from another angle.

Portable Periscopes for Viewing the Interior of Centrifuges

Two portable periscopes have been provided for inspecting the interior
of the centrifuges. One of these instruments is 2-3/4 inches in outer dia-
meter and 48 inches long, while the other is 1-1/2 inches in diameter and 31
inches long. The larger diameter instrument is suitable for viewing the in-
terior of both the 40-inch and 26-inch centrifuges, while the smaller one is
suitable for viewing the interior of either the 26-inch or 12-inch centri-
fuges. - -

The !-3/ inch diameter periscope has an outside brass case and is
provided with a scanning head and self contained illumination enclosed with-
in a watertight glass window._ The optical train consists of six basic ele-
ments; the scanning prism, an erecting prism, an-objective, outer erector
lens, inner erector lens and eyepiece. (See Figure 4) The scanning prism,
erecting prism, and objective manufactured by the Kollmorgan Optical Company,
are mounted as a unit. The objective has a focal length of 2-1/2 inches.
The scanning prism has a sweep of 90 degrees. The erecting prism is employ-
ed to keep the image of the system from turning on its side as the scanning
prism moves. The outer erector is about 1-1/2 inches in diameter and has a
focal length of 23.8 cm. The innera erector has a diameter of 2-1/4 inches
and a focal length of 29.9 cm. Eyepieces were provided to give 1, 1-1/2, and
2-1/2 times magnification. Scanning is accomplished by rotating the prism
through as much as 900 sweep and rotating the instrument through 3600. The
prism is iotated by a gearing arrangement which in turn connects to a push-
pull rod. This push-pull rod runs the length of the instrument and is moved
by a rack and pinion action at the eye end of the viewer. Lighting is pro-
vided by two special general electric 6.4 volt, 21 candle power bulbs.

The If inch diameter instrument has an aluminum exterior. The head on
this instrument is of the fixed 900 viewing typep but includes self illumi-
nation consisting of a 32 candle power lamp within a watertight glass window.
Scanning with this instrument may be accomplished by rotation of the instru-
ment itself. T.h periscope has an angular magnification of unity and a field
O5 view of 30o.

INDMMTIAL INSTPUMMNS

pH Mbasurements

it is desirable to make occasional pH measurements, chiefly of waste
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liquors, in the Canyon, Concentration, and Waste Disposal Buildings. In the
Canyon Building one portable pH instrument in considered sufficient. Samples
for determination of pH are secured by means of special samplers, also used
to secure,samples for analysis. Whenever a pH determination is desired, a
special glass-calamel electrode is inserted through an opening in the sampler
provided for this purpose, and the pH'reading In made with the portable in-
strument

Temperature Measurements

t emperature measurements are imade on all process solutions in the Canyon
Bu lding. In the case of the dissolvers, the temperatures of the off-gas,the condenser wate and the cell itself are also re orded. In all cases the
temperature sene Ito e enments are 100-ohm nickel resistance thermometers lo-

- in apeci.al 'wells the desired point. The temperatures are all re-
cord on IAN re .ord ng tore with 0-100 OQ ranges. The recorders are of
the ingle, two or four oint type depending upon the application. The I&N
in trument is, an automati Wheatstone bridge circuit with two elide wires so
arranged.that changes in the resistance of the leads due to temperature effects
do not affect the reading. The current for this bridge circuit is supplied
from AC rectifier b I t into the instrument Unlike the potentiometer-
thermocouple type of instrument, no standard cell or dry cell is required.

Pressure J1basurements

Sta ard types of dial gauges are used to indicate the pressures of pro-
cess sten-m and air, and instrument air. Combination pressure-vacuum gauges
are used on the steam jete which transfer the solutions from one tank to
anotter and on spargers and spray distributors. These gauges indicate tn
steam pressure on the jet, but are also capable of showing if a vacun is
created on the line due to condensation after the jet has been turned off.
This vacuum is undesirable ince active solution my be drawn into the
operating gallery.

The ventilation system of the Canyon Building is so designed that the
cells are maintained under a slight vacuum with respect to the inhabited parts
-of the btulding. This is to prevent any radioact te gases from seeping into
tbe operating gallery or deck area. In order to indicate whether this vacuum
is being maintained, each cell in equipped with an inclined draft gauge having
a range o 0-1 inch of water. The inclining feature of this instrument results
in a magnification of the normal vertical pressure head so that mare accurate
measuromwents of the cell pressure can be mdo Similar draft gauges are located
In the ol-rating gallery to indicate the differential pressure between that
gallery, and the canyon above the deck, the outside of the building and several
other points within the 221 and 271 Buildings.

-K aud Ieel and Specific (ravity asurements

The ,]asio principle involved in the nasurement of liquid level in process
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tanks is thaf the liquid depth is proportional to the hydrostatic pressure at

the bottom of the vessel divided by the specific gravity of the liquid. Two

factors, therefore, must be measured:- a) hydrostatic pressure or "weight
factor", and b) specific gravity.

The weight factor is found by measuring the differential pressure betweer,
the air space in the vessel and a point in the liquid near the bottom of the

tank._ The specific gravity is determined by another differential pressure
viasuemsnt Wade itt two points in the liquid at a constant vertical distance

apart. If air is slowly bubbled through a pipe terminating at one of these

points, the air pressure necessary to allow air to escape from the bottom will

equalf the hydrostatic pressure at that point. This air pressure (or differ-
entiai pressure between two points) can easily be measured by a manometer or
any other suitable pressure measuring device, such as that described below.

The differential pressures involved in the two measured factors are im-

pressed uporthe two rings (No. 1 and No. 2) of the Dual Ping-Balance meter.

(See Figure 5) Both rings are enclosed in the same case and activate two pens
on- the same circular recording chart. Each hollow ring is suspended on a

knife edge above the center of gravity, as shown. The free space in the ring
is divided into two parts by a metal bulkhead at the top and by a liquid seal

at the bottom. Flexible tubing connects each chamber with one of the pair of

bubbler lines. A pressure difference in these lines gives rise to an equal
dilferentiaipressure between the two chambers of the ring. This causes an
unequ'al pressure on each side of the bulkhead and a.shift in the liquid seal.
Since the liquid seal itself can exert no rotational force on the ring, the
differential pressure on the bulkhead is all thpat need be considered in this

analysis. The pressure difference on the bulkhead causes the ring to rotate
on its axis until this force is equalled by the restoring force of the unbal-

anced ring. A pen motion, attached to the ring through a cam, records the

differential pressure on a circular chart. Calibration is effected by adjust-
ing lead weights at the bottom of the ring.

* 4 The riig balance instruments have ieight factor ranges from 0-10 arbi-

trary units, and the sensitivity may be adjusted to fit nearly any size tank.

Specific gravity ranges are 1.0 to 1.4, or 1.0 to 2.5, depending upon the

application.

Simple mancmeters are used for liquid level measurements in some ap-
plications such as centrifuges, Cell 4 and in the Semi-Works of Building
221-T. No specific gravity measurement is made in this case; a single dip
tube supplied by a single sight bubbler gives a single hydrostatic pressure

which is indicated by the manometer.

Flow fters

Indicating flowmeters are used in the dissolver cells to record the flow

of cooling water through the condensers and vessel coils. These are Foxboro
instruments which indicate the flow by measuring the pressure drop across an

-rif ice.
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CentrIfEM Instruments

All cenfrifuges are equipped with electric tachometers to indicate the
speed of rotation. The tachometer comprises two parts:- (1) a small AC
generator mounted on the centrifuge shaft, whose voltage output is propor-
tional to the speed, and (2) an indicating tachometer which is actually a
Do Voltmeter~(using a rectifier) calibrated in rev./min.

An automatic control attached to the centrifuge tachemeters prevents
inadvertent reversal of the centrifuge in case of piolonged "plugging".
(When, a centrifuge is plugged, the power phases to the motor are reversed so
that the motbr torque is applied in the reverse direction. This causes the
speed to dq(iease rapidly, but if the plug control is held in too long the
centrifuge will actually reverse its direction of rotation reeuwLting in seri-
ous damage to the centrifuge.) A photo tube and lamp are mounted in a
small case on the face of the meter in such a manner that the light is re-
flected to the photo tube by a mirror when the meter needle is up scale, but
the light beam is broken when the needle is at 0 rev./min. The photo tube
controls an electronic circuit which breaks the plugging circuit to the motor.
As a result when the speed is reduced almost to 0 rev./min. during plugging,
the light beam is interrupted, the power to the motor is switched off auto-
matically so-that motor reversal cannot occur.

- -The motors on all agitators and centrifuges are connected through am-
meters so tfat the operator may have an indication of the load on these
machines, and determine to some degree if they are operating properly.

ANALYTICAL INSTRUMENTS

-The unikjue nature of the product and the intermediate process substances
:equire anafitical equipment of a very special nature. Since most of the
subetances iivolved are radioactive, nearly all analyt cal procedures involve
0uantitative measurements of the various types of radiations. A pha, beta,
and gamma rays are the radiations with which the analytical work is concerned.
Each can be quantitatively measured by various types of instruments.

Alpha Counting Sets

""Alpha particles, which are heavy atomic fragments with a double positive
6harge, are the characteristic emission of the product. Hence, satisfactory
instruments to count alphas are extremely necessaryr Three types of alpha
counting instruments are in use at H.E.W.

The Standard Alpha Counting Set, one of the first types of satisfactory
alpha counting chambers, comprises (1) a counting chamber containing a pre-

- amplifier, (2) alpha amplifier, and (3) scaler and register. The chamber
consists of a brass or steel cylinder which contains a pair of parallel
plates in the bottom between which the sample disk is placed. The lower plate
is charged with high voltage, while the upper plate is connected to the grid
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of a vacuum tube in the upper portion of the chamber. Alpha particles emit-
ted from-the sample ionize the air between the plates; the positive ions thus
formed are attracted to the upper plate causing an electrical pulse in the
first vacuum tube. This pulse is subsequently amplified and counted by the
scaler an4 mechanical recorder. The alpha amplifiei circuit contains a pulse
height eliector circuit which passes the strong alpha pulses, but stops the
Saller beta pulses. The Standard Alpha Set is very reliable, but has several
limitations:- (1) the counting losses are rather high at high counting rates
because of the slowness of the circuit, (2) it will not tolerate a very high
beta background, and (3) it is quite subject to microphonic disturbance.

The Low Geometry Vacuum Alpha Set is designed to count alpha samples
which are' too active to be counted on the Standard et, but the percentage
of alpha particles that cause counts (geometry factor) in greatly reduced
by increasing the distance between the sample and the collecting plate and

ng he alphas pEss through one of several small holes before reaching
thecoflepting plate. Since the alpha range in air i. extremely short, most
of the alpha path is under vacuum. The evacuated portion is separated from
the collection plate (surrounded by air to form ions) by a thin mica window
through which the alphas can pass. Although the Low Geometry Set permits
the use of "hotter" samples, the beta background and microphonic limitations
of the Standard type are still present.

The Proportional Alpha Counter (Simpson Counter) is somewhat more com-
plicated than the two instruments described above, but its different prin-
cipal of-operation eliminates to a large extent the limitations of the
Standard and Vacuum types. The counting chamber is a horizontal brass cyl-
inder with a slide opening at the bottom by means of which the sample is
introduced. A very fine tungsten wire, charged at high voltage is stretched
along the inside af the chamber parallel to its axis. A mall, continuous
flow of methane gas keeps the inside of the chamber filled with this gas.
Ionizing particles arising from the sample cause rapidly quenched electrical
discharges in the counter, whose magnitudes are proportional to the energy
of the itoizing particles; hence the name "proportional" counter. The
electrical pulses thus formed are first amplified linearly then passed through
a pulse height selector where the small pulses due to betas are eliminated.
The alpha pulses then, after passing through a scale-of-128, actuate a mechan-
ical recolder. Because of the extrenely sharp pulses formed by the Simpson
cotitr, Aitresmely high counting rates are possible. Far the same reason, an
extremely high beta background can be tolerated. A low geometry-vacuum at-
tacbmant gan be used with Simpson counters, if it is desired to count still
"hotter" samples.

Beta and Gamma Sets

Betaparticles emitted by chemical samples are counted with a special
type of GFM tube called a mica window tube. It operates on the same principle
as the glass GM tube previously described in connection with certain health
instruments, but is different in construction. The mica window tube ca-
prises a topper cylinder closed at one end and flanged at the other. A thin
mica window in waxed over the open flanged end; a stiff tungsten wire enters
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through an insulator in the closed end and extends nearly to the mica window.
The end of the wire is covered with a glass bead. The tube is filled with
a mixture-of. argon and alcohol vapor at-low press-ure. When arranged to count
beta samples, the tube is mounted above an aluminum rack in which the samples
are placd--for counting. Also mounted on this rick is a "Neher-Harper"
quenching circuit which improves the characteristics of the tube. The entire
assembly is contained in a lead shield to reduce the background count. -A
standard scaling and recording circuit is used to register the number of
counts.

Gamn9 emission can be measured by the same equipment if metallic screens
are place between the sample and the GM tube to screen out the betas.

Gamma activity of liquid samples can be measured with a specially con-
structed ton chamber. This chamber is made from 10-inch steel pipe about
12 inches long. Th- top is closed with a welded plate containing a sample
tube. A highly insulated collecting electrode, surrounding the sample tube
is brought out through a removable flange -at the bottom of the chamber. The
chamber is filled with argon under 600 lbe-./sq.in. pressure to increase the
chamber'-ionizing sensitivity. Lead, 4 inches thick, surrounde the chamber
on all sides to decrease the effect of cosmic rays. The shell if charged to
a positive potential of 180 volts. When a measurement is made, the collecting
electrode, starting at ground potential, acquires a positive potential due to
ionized gas particles, at a rate proportion to the gamma activity of the sam-
ple. This rate of drift of potential of the collecting electrode is observed'
with an electrometer and stop watch.
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HAWFCRD ENGINEE|R WFRB TECHNICAL MANUAL

SECTION C - SEPARATIONS

CHAFTR XI - SHIEIlING PROVISIONS IN THE SEPARATION PLANT

The fun&~dantal principles upon which shielding from radioactive
radiation is-ccoomplished, as well as a discussion of the shielding
requirements in the Separation Plant, are discussed in Chapter I. This
outlines briefly the provisions which have been included in the design
for the purpose of shielding the operating personnel from radioactive
radiation.

.r
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DESIGN BASIS

DESIGN BASIS OF SHIELDING -

The fact that the decontamination factors desired through the separa-
tions process are of the order of 107 to 108 makes it desirable to break the
process d6wn into several stages which can be handled with progressively
lighter shielding. During the storage of new metal from the 100 Areas and
the extraction and decontamination portions of the process very heavy shield-
ing against gamma rays is required. The concentration process requires
concrete shielding of little more than ordinary structural thickness, while
the final purification and isolation process is carried out with essentially
no shielding against gamma rays, but with great precautions against product
hazards.

In the early stages of the separation process, concrete shields of the
order of 5 feet in thickness are required, and these are designed to serve
also as st ructural elements of the building. Wherever possible, a large
factor of safety in shielding has been provided at the cost of a relatively
small additional thickness of concrete. The 221 Building, for instance, is
shielded so that metal freshly discharged from the pile could be handled
without haying the gamma dosage rate in any working area exceed about 1
nr/hr, or roughly one-tenth of the tolerance dosage rate. Hazards against
which the shields offer no protection are those of suckbacks, spilla, down-
drafts from the stack, and product contamination. Such hazards are detected
by various monitoring devices, and appropriate corrective action is taken.

-- -i.TAL STAE BASINSDEC SSFED
Metal from the piles is stored in the Metal Storage Basins for a period

of the order of 40 days before being sent on to the dissolvers. This decay
- period permits substantially all of the 93u239 to decay into product, so

that the activity of this isotope does not exceed_20 millicuries per batch
after extraction and two decontamination cycles. It also effects a sub-
stantial reduction in the amounts of radioactive iodine and xenon which are
vented to the stack during dissolving.

Metal is handled and stored in stainless steel buckets which hold ap-
proximately one-half ton of slugs. The buckets are transported in shielded
casks (Fig 34 Chapter II). The walls of the cask are of lead, 12 inches
thick, which is sufficient to reduce the gamma intensity outside the cask
to something of the order of 1 mr/hr. New casks must be carefully monitored,
in order to determine whether or not blowholes in-the lead' casting are pre-
sent whichnmay permit dangerous amounts of radiation to leak out. In the
event of blowholes in the casting these should be~repaired before the cask
is put in service. The cask lid fits into a staggered recess so that there
is no direct path for the escape of radiation.. Curved pipes in the top and
sides of the cask allow water to circulate and cool the metal by thermal
siphon action without permitting appreciable radiation leakage. The lid is
locked in place by a pair of sliding bars driven by racks and a pinion.
'This locking feature minimizes the danger of spills during handling or

- 1103 - -



HW-10475-SEC. C

63

COPY NO. 
SERIES C

IIVLSSIFIEII~
transportation of the cask.

Casks are transported between areas on a special raltroad car. Two
water tanks, each capable of carrying one cask, are mounted on each car4The function of the water is primarily to keep the metal cool. The shield-
ing effect of the water added to the cask is negligible. The heat capacity
of the water in the tank car is sufficient to limit the initial temperature
rise of a bucket of freshly discharged metal to a value no greater than
2 OC/hour, and heat losses to the surroundings are such that under the worst
conditions the water will not boil. In contrast, the cask and bucket alone
heat at a rate of the order of 5 to 15 OC/hour, and boiling of the water
retained in the cask can occur with freshly discharged metal, but not with
aged metal.

In case it becomes necessary to handle damaged slugs, enough metal
may go into solution to raise the radiation intensity outside the tank car
above the Itolerance level. Replacement of the water and decontamination of
the car would then be required. Evidence so far indicates that this hazard
is not likely to occur.

The arrangement of the 212 Building is shown in Fig. 32 in Chapter II.
The principal features are the transfer pits, in which the buckets of metal
are removed from the casks and transferred to a monorail system, and the
storage area, where they are stored under water. Radiation hazards during
the transfer operation are minimized in the following way: the licked cask
is picked up from the railroad car and swung over the transfer pit, where
the lid is unlocked. The cask is then lowered into the water, being guided
by rails at the sides of the pit. At a point where the cask is under abont
ten feet of water, the four projecting arms of the lid are caught on steel
supports. The cask and its bucket of metal then move down and forward to
the bottom of the pit. At this point the bucket is lifted from the cask by
means of a yoke, transferred to the monorail system, and moved to, storage.
A minimum depth of about 16 feet of water'is maintained over the buckets at
all times. The procedure is reversed to remove aged metal for shipment to
the separation plant.

The depth of water in the storage pool provides adequate shielding for
the worst conceivable condition, namely, the case In which the entire pool
is filled with metal freshly discharged from the piles. There is no danger
of a self-sustaining chain reaction getting started in the stored metal,
regardless-of how the buckets are arranged. The mass of water is great
enough and_is changed frequently enough so that heating effects are negli-
gible. The radiation from undamaged slugs does not induce activity in the
water, so that the appearance of activity in the water can only be caused
by damaged slugs. In this case the offending slugs must be located and
moved to special storage in the Canyon (221) Building. As previously indi-
cated,such_ failures are unlikely to occur.

Since the lead cask and the water in the pool provide adequate shield-
ing, the building itself is of conventional construction, with 8-inch thick
concrete block walls and roof constructed from 2-3/4 inch thick cement tile
with 1 inch of insulation. This construction provides no protection against
an accident in which a cask is broken open at ground level or the water
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is drainedfrom the storage pool. In either of these improbable events,the affected building would be unapproachab e. The 212 Buildings are spaced
half a mile apart so that in the event of such an accident in one building,the remaining ones could still be used.

CANYON BUILDING
41

In the 221 Building, aged metal is dissolved and subjected to an
extraction and two decontamination cycles. The fission product activity
is thereby reduced by a factor of 105 or more. Until this degree of decon-
tamination is achieved, it is necessary to carry out the process in heavily
shielded equipment which is operated and maintained by remote control. The
necessity for remote maintenance places a high premium on uniformity and
interchangaabillty of equipment, in comparison with which any savings that
might be obtained by the use of lighter shielding-at the low activity endof the separation line are unimportant. Consequently, the shielding is
uniformly heavy throughout the length of the separation line.

To prevent a mishap to any single 221 Bluilding from rendering the
oth1 rs inoperable, these buildings are separated by a minimum distance of
1 mile.

A typical section of a 221 Building is shown In Fig. 35 in Chapter II.
In general, the thickness of the structural members which form the shields
has been chosen so that the gamma ray dosage rate is less than 1 mr/hr in
any populated area when a bucket of fresh metal is present in the building.
Aged metal, which is normally the only active material brought into the
building, is only about one-tenth as active as fresh metal. Under ordinary
conditions, therefore, the gamma leakage through the shields is of the
order of 1% of the tolerable dosage rate of 12.5 mr/hr.

The waills of the canyon are.5 feet thick up to a height of 26 feet
above deck level, the walls are 3 feet thick and the roof, for structural
reasons, t4ers from a thickness of four feet at the sides to a thickness
of three feet at the center. The lower part of the wall shields personnel
outside the building or on adjacent buildings from direct gamma radiation
at times when metal is being brought in.o the canyon. The upper part ofthe wall and the roof eliminate sky shine' or radiation scattered from the
air above the canyon, which would otherwise produce a hazard in the neigh-
borhood of the building.

The various process vessels are located in a row of cells which are
sunk below deck level and normally shielded by concrete cell covers 6 feet
thick. Each cell cover is built up of four concrete blocks to facilitate
handling. 'he recess into which the cover fits has stepped sides, and the
adjoining faces of the individual blocks are also stepped to eliminate nar-row beams of radiation which otherwise would escape from the cells. Active
solutions are transferred from one cell to another by way of a pipe trench
running the length of the canyon. The pipe trench is covered by stepped
concrete cover , 4-1/2 feet thick, similar to those used on the cells.
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Significant amounts of radiation are present in the canyon only when the
covers have been removed from cells or pipe trench, or when a bucket of
metal is being brought in. At all other times the canyon may be entered
for the purpose of taking samples or .maintaining such equipment as is ac-
cessible. _

Labyrinths in the 5-foot concrete wall on the pipe trench side of the
canyon provide access to the deck. The labyrinth walls are 5 feet thick
as far as the second bend. From this point to the outside entrance, the
intensity-of the scattered radiation is low enough so-that walls 1 foot
thick are adequate.

A special feature of the 221-T Building is the "Head End". This is
a special pair of cells used for development workand located at the head
end of the canyon. The Head End is separated from the canyon proper by a
concrete barricade 5 feet thick and 13 -feet high. The purpose of this
barricade Js to shield personnel on the Head End deck from direct gamma
radiation n case of an accident in the main canyon, and vice versa.

The wall which shields the various galleries is 10 feet 10 inches
thick opposite the pipe gallery, 7 feet thick opposite the operating gal-
lery, and_5 feet thick opposite the crane cabway. Pipes which run through
these walls are curved to minimize radiation leaksge. The pipe gallery
handles only inactive materials (active process solutions are transferred
in the pipe trench on the other side of the canyon) and the piping is de-
signed to minimize the chance of sucking active solutions back into the
'pipe gallery. The few euckbacks that have occurred have been promptly
detected and remedied. The roof of the operating gallery, which also forms
the floor gf the crane cabway, is 4 feet thick. This thickness is more
than adequate inasmuch as this floor is exposed only to radiation which has
been scattered from the canyon ceiling. The cabway is entered through a
row of labyrinths on the operating gallery side of the building.

The crane cab is shielded from direct gamma radiation by the concrete
parapet behind which it runs. Protection against scattered radiation is
afforded by the steel shielding of the cab, which is 4-1/2 inches thick on
the top and upper part of the sides, 3 inches thick on the lower part of
the sides, and 1-1/2 inches thick on the bottom. The cab Is entered
through steel doors 3 inches thick. Steel is used in this structure rather
than lead because of the danger that lead might eventually sag and open up
crevices through the shield. The shielding is adequate to hold the radia-
tion intensity in the cab below 1 mr/hr for the extreme case when a bucket
of fresh mntal is raised as high as the crane will lift it. The periscopes
are brought in through a labyrinth on the front wall of the cab, and ventila-
ting air is supplied through a shielded duct from a blower mounted on top.
The objective lens systems of the periscopes are exposed to moderately severe
gamma bombardment while the crane is loading the dissolver or moving con-
taminated equipment. As a result, the lens elements gradually become dis-
colored. With normal usage, however, this effect-is expected to be negli-
gible for a period of at least 10 years.

Metal is brought in through a railroad tunnel which enters below deck
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level near the head end of the canyon. Hatches over the tunnel are
normally closed by covers of steel plate, but standard cell covers can beused if needed. The tunnel extends away from the building for some
distance treduce the hazard of backscattering tc-adjacent areas such asthe tank farm, and is closed by a door of conventional construction. Whenthe dissolver is to be charged, a train of the special tank cars mentionedpreviouslyfln backed into the tunnel, the locomotive withdraws to a safedistance, and the buckets are picked out of the casks by the shieldedrane. The, canyon and the area in front of the railroad tunnel are evacu-ated during this operation.

Sampling devices are located in boxes shielded with 4 inches of leadand sunk flush with deck level. Built-in sprays are provided to wash out
the inside of these boxes. Samples are taken by means of special instru-ments described in Chapter V and are transported and stored in stainlesssteel containers with walls 2 inches thick. These containers reduce theradiation from the most active samples to the tolerance level of 12.5 mr/hrata distanceof 1 to 2 feet.

Ionization chambers which indicate the activity of process solutionsare located-in wells which run from deck level down to the level of theprocess vessels. These wells are plugged to stop the radiation scatteredup the tube.

CONCENTRATION BUILING

The process solutions which are piped into the Concentration Building-ave been decontaminated by a factor of 10 and can-be handled with com-paratively light shielding. In many cases the distance between processvessels and -operating 4reas is sufficient in itself- to reduce the radiationintensity below the tolerance value, so that the shields provide an addedmargin of safety.

The walls of the operating cells are of concrete, 12 inches thick.The same thickmess of concrete is used in the sampling vestibules. Ayalkway aroind the cells is shielded by an 8-inch concrete parapet, andthe centrifuges are mounted on platforms shielded by 8 inches of concrete.The sampling vestibules also serve as labyrinths through which thecentrifuge platforms may be entered. The cells may be observed from theoperating gallery through ports in the wall. When not in use, these portsare closed by sliding shutters of 4-inch concrete. _The ports are alsoequipped with plate glass windows in a hinged sash as protection againstsplashes.

The rem-ainder of the building is of conventional concrete block con-struction. A fence keeps casual bystanders at least 15 feet from the cellside of the building.-
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ADDITIONAL FACILITIES

Process material enters the Isolation Building after decontamination
by a factor of 107. At this stage the dangers of product contamination are
enormously greater than the radiation hazards, so that although no special
shielding is required, an elaborate ventilation system is maintained and
great precantions are taken to prevent contamination of working areas and
personnel.-

ADDITIONAL FACILITIES

Certein other facilities which branch off from the main process line
may be mentioned briefly. These include the 291 Building, which is the
fan house for the 221 Building; the 241 Building waste disposal facility;
and the 222 Building analytical laboratories.

The 291 Building comprises the fan house and stack through which
ventilating. air and waste gases from the 221 Building are discharged.
The fans are located in the open and are not shielded. Activity which is
believed to enter the ventilating air stream as spray or mist from the
process vessels deposits in the fan housings. At the present time the
radiation intensity has reached a level of. 1000 mr/Yr at the most active
spot on the fans, and falls to the tolerable value about 15 feet away.
An earthen barricde of 4-foot minimum thickness is being constructed 6
feet from the fans. The off-gas lines from the dissolver run underground
to a set of steam jets located in a concrete pit at the base of the stack.
The activity in this pit is too high to permit entry during dissolving, and
residual activity at times when the dissolver is not operating is high
enough so that the pit can be entered only for limited periods.

The 21l Building consists of a buried tank farm for the disnosal of
active was tes. The tanks are bpried under a minimu depth of 9 feet of
earth, which reduces the radiation intensity at ground level to 1 mr/hr
or less. Tanks which handle the most active wastes are fitted with air-
cooled reflux condensers. The condensers are connected to the tanks
through a buried concrete labyrinth.

The 2 2 Building is of conventional concrete block construction. The
counter room in-this building is shielded by 2 feet of concrete. Samples
are brought in by means of stainless steel carriefs, and are stored on
shelves behind an inch of lead for additional protection. The small amounts
Qf solution used in the actual analyses are handled with special instruments
designed to shield_ the analyst- from beta rays. Gamma rays from such small
samples do not constitute a serious hazard.
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CHAPTER XII - HEALTH PROTECTIVE PROCEDURES

Because of the radioactive nature of the materfals processed in the
separations areas, even though adequate provision has been made in equip-
mnnt and buitdings for the safe handling of materials, it is essential
that constant vigilance be exercised to insure that no individual is ex-
posed to excessive radiation. This chapter discusseb the general health
protective ptocedures employed.
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SPECIAL HEALTH HAZARDS IN TEE SEPARATI N (200) AREAS

As discussed in Chapter II, the various operational areas have been laid
out with the various units being widely separated from each other, such that
any accident occurring in one unit would not cause damage to the other units.
The previous chapters have also discussed the radioactive nature of the pro-
duct and fission elements associated with the uranium metal coming from the
piles in the 100 Areas.

It has been pointed- out that the product emits alpha rays with a range of
3.7 centimeters, while the various fission elements emit beta and gamma ray -
of various intensities. In Chapter I the nature and penetrating power of these
radiations, the safe radiation limits for personnel, and the general principles
of shielding against their effects were discussed.- Here it was reported that
the maximum permissible dosage from exposure has been established at 12.5
milliroentgens (ar.) per hour for gamma radiation, and 12.5 milliroentgen equiv-
alents (mrep) per hour for beta radiation for a total of not more than 8 hours
in any 24-hour period. The total permissible mixed fission products which may
be taken into the body was stated as 10-2 to 10-3 curies. The tolerance limit
in air for continuous exposure (8 hrs. per day) is 3 x 10-14 curies per cubic
centimeter. Xenon which does not deposit in specific body locations is consid-
ered tolerable in concentrations up to 10-11. curiet per cubic centimeter. The
lifetime tolerance dose for product, which is retained in the bone marrow of
the body, is considered about o-6 grams, and the tolerance concentration in
air set at 5 x 1&-16 grams per cubic centimeter. Due to the low tolerance limit
it is considered unsafe for any product whatever to enter the blood stream
through a cut or abrasion.

The various elaborate provisions in building and equipment design and oper-
ation for protection against these hazards are described in Chapter II to XI
inclusive.

Even though extensive provisions have been made for safe handling of
processing olutions, it is considered essential tfiat a thorough and constant
program for monitoring the various operating areas and equipment be maintained,
and that a constant check be made upon the exposure to these hazards experi-
enced by the personnel entering the various operating areas, in order that
accidental overexposure may be avoided.

.The chief items requiring constant careful monitoring in order to insure
safe operating conditions are included in four main categories, namely stack
gas and ventilation hazards, fission product contamination of operating areas
and equipment, product contamination of working areas and equipment, particu-
larly in the laboratories and in the Concentration (224) and Isolation (231)
Buildings, and contamination of hands and clothing of the operating personnel.
Constant alerbness must be exercised to detect process accidents such as
"suckbacks" of process solutions into the pipe and operating galleries, "blow-
ing" of samplers during the sampling operation through plugging of the jet
lines, or dacidental spilling of solutions.-
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While it is beyond the scope of this chapter to attempt to outline the
detailed monitoring procedures or equipment used-for health protection, the
following discussions cover the general featuresinvolved in control of hazards _
of each of the four categories.

STACK GAS MONITORING MTH6DS

As described in Chapter IV, during the dissolvin peration considerable
quantities of radioactive iodine (1131) and xenon (le 35) are liberated through
the 291 Bulilding stack. The gamma emitting iodine has an 8-day half life and
is absorbed fairly quantitatively into the lunge, of which about 20% is be-
lieved to-be deposited in the thyroid. Iodine inhalation can be readily de-
tected by checking the gamma-emission from the thyroid externally with a small'---
Geiger - Mueller counter probe attached to an electronic (Chicage) scale cir-
cuit. At present 75o gamma counts/minute above background is considered a
tolerance level for radioactive iodine.

The xenon (half life of 5 L days) hazard is primarily one of external radia-
tion, since it is not believed to be retained within the body over about 1 hour.
The tolerance dose is set at 1.4 x 10-n curies/cc. for breathing over an 8-
hour day.

In 22 Building is przvided equipment for the collection of samples Of the
291 Luilding stack gases, and for determination of the radioactivity due to
iodine and xenon present. While the method of datermindtion of these activi-
ties present is still in the development stage, it consists essentially of the
following-steps: (See Flow Diagram in Figure 1)

l)_Bemoval of a sample of the gases from the stack area entrance
X-into 292 Building at a fixed flow rate--

2) Passage of the stack gases through a water cooler and thence
-through a scrubber where iodine is removed with a refrigerated

£-aqueous solution of soda ash.

3) Passage of the soda ash solution containing the iodine through
-an ionization chamber where the activity is measured and recorded
dsing a standard Beckman amplifier and Micromax hook-up.

4)lPassage of the xenon through a heater, followed by a silica gel
filter and then through an ionization chamber where radioac-

Ttivity is measured and recorded.

5) The gases remaining are exhausted to the atmosphere through a
.roof vent.

The biain difficulties encountered at present in the use of this equipmnt,
consists in the difficulty of maintaining a uniform rate of flow of water
through the scrubber and contamination of the lorlization chambers (This
stack gas monitoring equipment is described further in Chapter X.)

- 1204. ak
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FIGUREIS

FLOW SHEET FOR STACK GAS MONITORING EQUIPMENT,
292 BUILDING.
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VENTILATION MONITORING ?ETHOS

While Elireful provis-on haobeen made for adequate ventilation of all
operating areas, in order that any accidental unsafe conditions may be de
tected promptly frequent monitoring of the air in the operating areas is
also carrie out. This .is especially important in _the Isolation (231)
Building where product may be present in the air. Portable electrostatic
preoipitato~s which collect the radioactivity presenlt on metal tubes, as
well as portable filtering equipment which collects the activity on filter
paper, are ued, and the activity determined by counting in a special count-
ing chamber.

Frequently the paper filtering media in the ventilating equipment supply-
ing the operating areas in the Canyon (221) and Concentration (224) Buildings
are monitored, using a portable Beckman direct reading meter.

Precipitrons

The precipitrons used are manufactured by the Mine Safety Appliance Co.
or locally in the instrument shops and consist of a suction head comprising
a high voltage electrode supported by appropriate insulators and extending
axially through a removable 1 1/2 inch diameter by 7 1/2 inch long cylindrical
metal tube. -This unit is connected to a high voltage source adjusted just be-
low the sparking voltage and a suction fan, whereby the air may be drawn thiiugh
the tube at a known rate and hence between the charged surfaces. The removable
metal tube is lined-with paper or preferably aluminum foil on which the precipi-
tated material is deposited. The exposed paper or aluminum foil is counted
without removal from the metal tube in a "Long Tom"ichamber assembly. In-using
this instrument a sampling time must be used which is long enough to give a
sufficient volume of air for the desired degree of sensitivity in product de-
,termination, required. An upper limit of 1 hour for the sampling time is im-
posed since breakdown of the equipment often occurs when periods greater than

-this are used. Other long life alpha particle emitters, such as uranium metal
or its fumes or natural radioactivity in the air cannot be distinguished from
pitduct, except by counting after proper decay periods.

Alpha Counters

The counters for alpha particles are similar to those used for analytical
purposes and are described in detail in the Manual for Analytical Instruments.
resentially these instruments measure the electrical impulses caused by an
alpha particle ionizing the air through which it passes in an electric field
set up between two specially constructed electrodes which are mounted within
a chamber. While these instruments (amplifiers, scalers and recorders) used
in the alpha counters for health monitoring purposes are substantially identi-

.cal with those used for analytical purposes the actual construction of the
chambers is often varied in order to accomodate the object being monitored.
In the so-called Standard Chamber the grid electrode (collectrode) is a brass
plate fixed within the chamber, and the high voltage electrode is a parallel _
brass plate about 1/2 inch below it and fastened to, a small hinged door which
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swings outward for loading, breaking the high voltage connection whefi the 'door
is opened. TMis chamber is used for counting the small paper air filters (4.25
to 5.5 cm._in diameter). In the "Long Tom" chamber which is used for counting
the precipitron tubes and larger paper air filters; the colleotrode is a small

3/8 inch diameter tube positioned axially in the chamber, and the metal pre-
cipitron tube becomes part of the high voltage electrode.

UECL&SSIIE1I
Beckman Radiation Meter

This portable instrument consists essentially of an ionization chamber,
direct current electronic amplifier, and a sensitive ammeter. The ammeter is
calibrated directly in mr/hour, and may be adjusted to measure over four ranges
of radiation through a selector switch. The ranges covered are 0-20 mr/hr,
0-80 mr/hr, 0-400 mr/hr, and 0-2000 mr/hr. A fiber shield with removable slide
is provided aiound the ionization chamber. By subtracting the shielded chamber
reading from an unshielded chamber reading an approximate value for beta radi-
ation may be obtained.

MONxTORING OF E4UIPENT AND OPERATING AREAS FOR CONTAMIRATION

While the equipment and facilities provided aretquite adequate for handling
the active process solutions under normal operating conditions, in the event
of operationaL accidents, or should it be necessary Eb enter any of the equipiienf
cells or areas for inspection or maintenance, it is necessary that the areas and
equipment be surveyed for contamination due to process solution or condensate
fumes.

Methods for Gamma and Beta Radiation Monitoring

Where it is possible for the person conducting the survey to approach the
equipment or area in person, the portable Backman Radiation Mater is. usually
used for initial survey work for beta and gamma radiation because of: its direct
reading nature and because of the wide range of radiation intensities over which
it indicates.--

A Victoreen radiation meter, of the same general type as the Beckman Meter,
which operates only over a sikigle range, is also used for the above surveys.
These meters ae available in three different ranges of activity - 0-70 mr/hr,
0-100 mr/hr, and 0-50 r/hr; in each case the dqpage rate can be estimated up
to twice the rated limit. In the high range instrument the chamber is mounted
on the end of an aluminum pole, and thus may be used in initial surveys of very
active areas.

A third Instrument used for survey purposes is a portable Geiger-Mueller
tube countingjmeter. (See Chapter I for a descripti6n of this tube). This
instrument is-calibrated to read in mr/hr and covers ranges of 0-0.12 mr/hr and
0-2.5 mr/hr. This instrument is useful in locating very small beams of radiati
and is especially useful for monitoring tools.
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The Lauriteen quartz fiber electroscope is 41so used for survey purposes
and is one of the most accurate available. It covers the range of about
0-1000 mr/ir. In using this instrumnt after charging the electroscope, the
time required for the quartz fiber to move over a measured'dietance during
the process of discharging the electroscope is determined. A calibration
chart is irovided from which the intensity of the radiation amy be deter-
mined aftr measuring the rate at discharge. This instrument is used where
most accu'ate measurementi of the radiation inteisities are required.

A special Geiger-Meller tube counter (described in Chapter X) with the
pulse amiifier at the end of a cable is used to monitor the test wells in the
241 Bail4ing (Tank Farm) area. This arrangement permits the use of a standard
scaler and counting procedure. In order to check waste tank leakage and seep-
age from dry wells further, all of the pumping wills on the reservation are
sampled weekly. In addition, several stagnant ponds around the area are
sampled at regular intervals. The abandoned 241-361 Dty Well is also checked
each week for activity. These samples are evaporated and counted by the rega-
lar analytical procedures.

The Laundry Ditch, the 200 North area ditches and the disposal ditches
in the 241 Area are checked frequently with the portable Geiger-Mueller counter,
and occastbnally samples of the mad from these areas are counted for activity.

Deposition of the active material from the 291 Building stacks is moni-
tored over the areas with the above portible mters and through the use of
ionizati6n chambers located at strategic spots around the areas. Two types of
ionization chambers are in use. One type having an approximately 1/8 inch
thick Bakelite wall is relatively insensitive to soft beta radiation. In the
second type, one half of the wall is cut away and is covered with 0.001-inch
thick aluminum foil. These chambers, which are used in duplicate, are used-
principally outside the 206 Areai. A set of 29 regrndns chambers (See 0hapteS
X) is maintained outside of the process buildings in the operating areas, and
at Pasco,7Kennewick, Benton City, Riverland Yards, Richland and Hanford.

Methods for Monitoring Alpha ActtYity

The principle survey instruments used for monitoring alpha activity or pro-
duct are the Sandy Zeato and Pappy meters The Sandy meter consists essentially
of a small ionization chamber, with one face of wire screen to permit penetration
of alpha particles, connected -d an electronic amplifying circuit and meter to
measure the ionization curretn -in the chamber. The ionization chamber consists
of a 3 inch by 5 inch by 1-i/2 inch metal box with 14 to 16-mesh wire screen on
one of the large surfaces. An electrode constructed of metal rods of a double
cross form is mounted in insulators parallel to the wire icreen. A potential
of about O volts is maintained between the metal box or wire screen and the
electrode through a high resistance of about 2 x 10 inch ohms. When ionization
occurs in the chamber due to the entrance of alpha radiation, the change in

* current flow through the chamber is taken as a measure of the ionization and
is reflected by an increased Voltage drop across the high resistance. In
measuring this ionization cuirerit a two stage IW amplifier is used (illus-
trated in the wiring diagram, Figure 2). Since this instrument indicates
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chamber ionization, it is sensitive to any ionizing radiation. Flames, drafts,
or mechanical disturbances of the chamber also affect its readings. This n-
struant is useful in obtaining a rough measure of fairly high levels of alpha
radiation. Since the range of the alpha particles from product is 3.7 cm. its
radiations are readily absorbed by thin layers of solids or liquids such as a
sheet of paper or a film of water In order to monitor a surface for product
with this instrument it is necessary, therefore, to move it completely over the
surface with the face of the screen a short distance away from the surface being
monitoring, and it is also important that the surface being monitored be dry.
Since the zero setting of this instrument is not very stable, it is no essary
to readjust the rheostat frequently. or to use the change in deflection from
an initial reading as the criterion of the ontamination present. Drafts must
generally be shielded from the sensitive screen by eliminating the source or
by deflecting-the air stream away from the instrument. If doubt exists as to
whether or not the contamination being monitored is alpha radiation, inter-
posing a sheet of paper between-the contamination and the meter will cut out
that portion due to the alpha radiation. Cal bratio of the instrument is
carried out against known sources of product. The full scale reading of an
average production model "Sandy" meter is about 20 - 80000 alpha dis ntegrations/
minute, which represents about 1500 disintegrations/minute/scale division and
-In practice the useful detection sensitivity is about 2 - 3000 disintegrations/
minute. -

There are a number of attachments for the "Sandy" meter which extend the
usefulness of this meter. In addition to the regular-ionization chamber other
ion chambers based on the saw principle but differing in shape, may be con-
structed, thus permitting a more convenient shape for monitoring in ertain
locations. Outside of geometry corrections the shape of the ion chamber does
not appear to Affect appreciably the sensitivity of the instrument. Two main
types of auxiliary ion chambers are available for use with this instrument:

a) Probe. The overall dimensions of this chamber are about 2 inches
diameter by 10 inches long. The sensitive portion of this cham-
beaF is represented by the outer 5 inches of its length. This is
quite useful for monitoring in vessels or other tight places.

b) Floor Monitoring Chamber. This is a large ion chamber, in overall
dimensions about 4 inches by 18 inches by 2 inches thick, with a
tray to hold the regular "Sandy" meter, all mounted on casters
and provided with a convenient handle. This permits monitoring
a strip of floor 18 inches wide at the rate of about 20 feet/
minute.

In some oases it is necessary to locate contamination on some surfaces
which are not readily accessible to th above meter, or when a measure of the
"looseness" of the contamination is desired. In practice, a smfll 1 1/4 inch
by 1 1/4 inch square of paper is pressed down and wiped across the surface
under study by means of a 3/4 to 1 inch diameter rubber stopper wrapped with
friction tape. The paper which adhe es to the tape is removed with forceps,and counted in a regular alpha counting chamber.

The electrical precipitators or Precipitrons described above under venti-
lation wnitoring methods are particularly useful in monitoring air for alpha
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radiation, and are used regularly in monitoring the exhaust air from the
filter boxes for the ventilating system exhausting air from the laboratories
and processing areas in the Isolation (231) Building.

The- mud samples from waste disposal ditch from the Isolation (231)Building are counted, weekly for alpha activity.

1ETHODS FOR MONITORING OF CLOTHING AND PERSONNEL

In addition to careful monitoring of the equipment and area for radia-
tion hazards, a constant check is made upon the olothing and hands of the
operating and mintenance personnel for contamination. Each individual while-in the operating area also is-required to wear individual instruments for
indicating the radiation to which ie may become exposed.

Clothing Monitoring Procedures

Every operator in the separation area is required to wear coveralls and
caps where-needed. This clothing Is regularly-laundered and monitored for
contaminatron. Shoes, overshoes, towels, cloth shoe covers, and gloves are
also supplied where needed and are nso regularlymonitored. Routine moni-
toring of Incoming laundry for beta and gamma radiation is carried out with
Islipcounting rate meters. Finished laundry is monitored with Geiger-Mueller
tube chambirs connected to scaler circuit-. Four Geiger-Mueller tubes are
used on each side of the garment. The tubes are arranged so thAt with a
point source the minimum reading is 50% of- the mafimum. Measurements from
each side Zt the garment are made independently. Gloves, rubber overshoes,
shoe coverg, caps, and towels are monitored several at a time.

Alpha monitoring of clothing is carried out, _using the Pappy instrument
referred to above.

In the laundry, Igepal C A is used for washing contaminated items.
Acetic acid is generally used for the betaand gamma decontaminating agent,
and citric-acid for the alpha decontaminating agent.

Shoes and leather gloves are checked by using a thin walled glass
Geiger-Mueller tube mounted in a rectangular box aid connected to a scaler
circuit. -

Hand Monitoring Procedures

Hand monitoring is especially important eince-contamina ion is most
likely and can readily lead to contamination of food. The hand monitoring
device used, for detecting beta and gamma 'radiation contamination is called
the "four-fold hand counter", It employs eight glass Geiger-Mueller tubes
so arrange. that two t-bes are exposed to each of the four surfaces of the
hand. Each unit of two tubes is connected -to a separate scaler circuit and
register, such that each surface of the hand is monitored simultaneously.

-1211 -
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The hand monitoring device for alpha (produc ) activity is called a
"Handee" counter. This consists of a sound insul-ted box containing a oulse
collecting unit connected to a scaler circuit, recorder, and on illoscope.
The pulse collecting unit consists of a cylindr cal screen in the center
axis of which, and insulated from the screen, is positioned a brass electrode.
A high electrostatic field is maintained between the screen and center elec-
trode A wire screen handgrip surrounds the cylindrical screen electrode.
In counting only the palm surf ce of the hand caET be satisfacnor .y moni-
tored. Th a collec ing uni has a geomtry of about 11% Counting values
corresponding to 500 di I tegrit ons/minute are c)nsidered the upper safe
limit for product on amination.

In adcition to the hand counting rocedures described above, finger
packets consisting of two disco o ens ive photographi film enclosed within
a waterproof cover are supplied to I d viduals suspected of ei. g expos d to
abnormal aoaunts of radiation, and those who have been o erved t- e high
beta and gamma hand counts. Determinat oi of the radi tion ex ur made
by measurement of the blackening with a densitomaitr follow ng development
of the fili sinultaneously with an unexposed sample.

PERSONNEL EXPOSURE MONITORING PROCEDURES

All personnel entering the 200 Areas are requ red to wear two pocket
meters or pencils", and a "film badge". These n truments are intended to
indicate the degree of beta and gamma radiation exposure which each individual
experiences.

Pocket Metors

The pocket meter, which is essentially an iotization c amber, i- illus-
trated diagrammatically in Figure 3. In use a predetermined charge is placed
on the inner electrode and the extent to which the charge is di ipated y
exposure o? the meter to beta or gamma radiation is measured .. means of
Victoreen Minometer. This latter instruent consists essentially f a
tential source and an electrometer, the fiber of which casts a hadow a roes
a scale calibiated in milliroentgen In use the instrument is ad u.-ted to
a zero reading, then a pocket meter from which the end cap has eon removed
is placed in a slot provided. If a deflection of-the electrome r r sults,
the number of milliroentgens exposure is read from the calibr ted -ale.
The pocket meter is then recharged with a known ptential by depressing a
button provided. Upon replacing the end cap the meter is ready for re-use.
A dessicant is included in the cap of the pocket meter in order to prevent
leakage of _the charge due to moisture. The pocket mter ma be discharged
by mechanical shock; therefore, in use, dropping them or otherwise subjecting
them to mechanical shock should be avoided. These meters record radiation
exposure up to 200 mr. In order to minimize error, two moters are worn by
each worker, and are monitored daily.
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Film Badges

The film badge is illustrated diagrammatically in Figure 4. This badge
is loaded as indicated in Figure 4 with two different kinds of film, which are
sensitive to-beta and gamma radiation. A silver shield covers approximately
three fourths of the film surface such that it is possible to obtain an indica-
tion of the relative exposure to beta and gamma radiation. Perforations in the
silver shield are used for permanently recording the wearerts badge number by
exposing the shielded film to a known source of X-rays. With each lot of film
used a series of standards are prepared by exposure to known radiation sources,
as well as blank having no exposure. The degree of exposure experienced by the
wearer is determined by comparison of the blackening of the film present with
the standard by means of a sensitive densitometer. Over the range of 0 to 20
roentgens of radiation good accuracy and reproducibility is obtained. The film
batches are worn for a week, after which they are monitored and reloaded. The
developed film from these badges comprises a permanent record of each employee's
exposure to beta and gamma radiation.

DCASSIFIED
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CHAPTER III - HEALTH PROTECTIVE PROCIbRES

Alpha counter, 1206
Beckman meter, 1207
Beta radiation, 1207
Olothing nonitoring, 1211
Deposition in body, 1203
Dosage limits, 1203
Equipment monitoring, 1207
Film badge, 1212
Filter paper, 1206
Fission product dosage, 1203
Floor monitoring, 1210
Gamma radiation, 1207
Gas sanling, 1204
Geiger-Mueller tube, 1207
Hand monitoring, 1211
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SECTION C - SEPARATIONS

CHAPTER XIII - EQUIPME!|NT DECONTAM[NATION

To avoid complete dependence on remote maintenance, it is desirableto be able to decontaminate Canyon Building process equipment from by-ptoduct activity so that it can be approached for short periods. In theConcentration and Isolation Buildings product decontamination of processequipment and work areas is necessary to eliminate any possible bealthhazard. This chapter describes means of removing product and by-productcontamination from process equipment.
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BY-PRODUCT IECONTAMINATION

Decontamination with Nitric Acid

The first step .sn by-product decontamination i to wash out the equip-
ment with nitric acid. This treatment remoyes some of the activity and also
dissolves &ocumulated bismuth phosphate which might otherwise interfere with
subsequent treatments. The nitric acid wash also removes essentially all of
the product and may need to be processed for product recovery.

The acid is about equally effective at concentrations from 35% to 60%.
This permits a charge of 60% nitric acid to be circulated and jetted through
a series of tanks without losing its effectiveness until jetting dilutions_
reduce its strength below 35%.

The acid is heated to around 6000 to increase the rate of solution of
the active deposits. The wash has no significant corroding action on the
heat-treated 25-12 stainless steel vessels.

Decontamination with Solutions other than Nitric Acid

A substantial part of the contamination in process equipment is not
removed even by repeated nitric acid treatments. Analytical data on the
chemical identity of this activity are not available. It is believed to be
associated with the insoluble bonding compound present in the metal solu-
tion, by-product precipitates formed during extraction, and zirconium phos-
phate scavenger.

Operating experience at Hanford on the removal of nitric acid-insoluble
activity is confined to the use of nitric acid/ammonium silicofluoride washes.
At concentrations of 5% ammonium silicofluoride and 15-25% nitric acid, the
cleaning solution is not seriously corrosive to process equipment and can be
used safely under such conditions as 1-hour circulation or agitation at 500C.

Cleanup experiments in the pilot plant, generally based on laboratory
treatment of test pieces exposed in the extraction precipitator or catch
tank, indicated that alkali treatments remove a good deal of the nitric acid-
insoluble activity. Of all the treatments studied, including both acid and
alkaline washes, the beat was sodium hydroxide/sodium tartrate solution. This
was dropped from consideration for use at Hanford only when sodium tartrate in
the required quantities was found to -be unavailable.

The tartrate solution is effective at 5% sodium hydroxide/1.25% sodium
tartrate. There is little improvement at higher concentrations, but the
degree of decontamination drops off sharply if the concentration of either
ingredient is lower than these minimum values. A half-hour treatment at 6500
was found sufficient to give maximum decontamination.

Sodium hydroxide at concentrations of 5-20% also has marked decontaminat-
ing action, although only about a fifth as effective as the tartrate solution
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i the pilot plant tests. Addition of sodium citrate, potassium oxalate,
"Calgon , rax mannitol, or glycerine to the caustic offered no improve-
ment.

Neit~er sulfura nor hydrochloric acid was found to have significant
decontaminating action as a follow-up to nitric acid wishes.

Inactive fission product solution and such mixtures as 10% zirconyl
nitrate/s nitric ac d were also tested, with unpromising results.

Mixtures of nitric and hydrofluoric acids decontaminate quite well. At
high co' centrations or tempera+ures, this type of solution is seriously cor-
rosive. However, 10% nitric acid with 1% hydroflxoric acid is quite safe at
room temperature and decontamination is still good.

Equipment Cleanups in 221-T Canyon Building

Based on experiments in the pilot plant and limited operating experience
at Hanford the pr ferred leanup solutions are 60% nitric acid followed by
25% nitric acid/5 ammorium ilicofluoride. Temperatures are held'near, but
not above, 6000 for the acid and 5000 for the acid/silicofluoride during
treatment of the various tanks.

In catch tanks and precipitators, the cleanup solution is circulated
through the distributor for 20 minutes, allowed to soak for an hour or more,
then circklated again for 20 minutes.

The solution tanks are agitated for at least_1 hour with the wash at
the prescribed temperature Since these tanks have no distributors, it is
necessary to use 3000-5000 pounds of wash to reach all of the normally wet
surface.

The centrifuge i the mo t difficult piece of equipment to clean prop-
erly. One or two initial washes are made with the bowl stopped, over-flowing
into the catch tank. This procedure reaches the outside of the bowl and the
central portion of the casing_ which are not normally wet, but on which spat-
ter deposits accumulate Th bowl is then brought up to speed and the wash
is tecyclpd through two or three times.

A water wash after the chemical cleanups effects further decontamination.
Also, it is important that n silicofluoride wash remain in tanks where it
could interfere with oxidatione and cause by-product losses; 8-4, Section 12,
13-1, 14-4, 16-1 and 17 4.

It appears to be good 3ractice not to allow washes used in cleaning
highly contaminated equipment to get intorelatively clean vessels. The lat-
ter are likely to be further contaminated, rather than decontaminated, and
furthermore, insolubl s thus introduced into vessels where they do not nor-
mally accumulate may int rfere with subsequent process runs.

The decision on the sequence in which a given group of tanks should be
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treated ar how far down the line it is advisable to go with a particular
batch of wash solution is based on the relative contamination of the tanks
as shown by the Micromax-Beckman readings. For example, Section 8 and
13-I, 13-2,_and 13-4 are from one hundred to some thousands of times more
active than 13-3 and succeeding process tanks. Consequently, Section 8 and
13 washes should be sent to wastie, not-to Section_14. To minimize transfer
of active solids from 8-4 or 13-1 to 13-3 during washing operations, solu-
tion is jetted from 13-1 only when the bowl Is running. Washing of the
stationary centrifuge is accomplished by running in fresh solution from a
gallery scale tank.

For ezample, in cleaning out Section 13, washes are added, with the bowl
stopped, chrough Scale Tank 13-20. The contents of the bowl are jetted to
the precipitate dissolver and the centrifuge brought up to speed. The bulk
of the wash, in the catch tank, is recycled through the precipitator and the
centrifuge_twice. After the second centrifugation, the catch tank is cleaned
out using the spray distributor. The solution is then brought back to the
precipitator, which is also cleaned out with the distributor. The wash from
'13-1 is moved over to 13-4 through 13-2 in a series of slurrying operations,
as in cake removal, to take out insoluble materialthat has been caught in
the bowl. After heating and agitation in 13-4, the wash is sent to waste,
unless product recovery is required.

Results of equipment washes in 221-T Canyon Building and Hot Semi-Works
are given in the appendix at the end of this chapter.

PROIUCT DECONTAMINATION

Product decontamination of equipment and work areas in the Concentra-
tion (224) and Isolation (231) Buildings is necessary to eliminate the pos-
sible health hazard involved in the maintenance ofthe equipment and the
safe occupancy of the work areas.

No definite method or procedure for product decontamination has been
ehtablished, since the treatment is dependent upon the nature of the equip-
merit and the extent to which it is to be decontaminated. Product decontami-
nation of the interitr surfaces of process tanks, transfer lines and transfer
vessels can be obtained satisfactorily by washing with nitric acid. At other
points where decontamination may be required, such as flange leaks, small
spills, hoods, etc., the method varies with the individual case and the type
of surface to be decontaminated. Although a contaminated surface should be
washed with-the most- corrosive chemical that the surface will tolerate to -
obtain maximum decontamination, the hazards to personnel make the choice of
less corrosive agents more desirable. In the use of most of the decontamina-
tion agents wh ch have proved successful, the technique followed in the
application of the cleaning agent is often more important than the effect of
the cleaning agent itself.

In dealing with product contamination there are several basic principles
which should be followed:

-1305-
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1. Tke all possible precautions to limit the contamination to the
a 6allest possible area.

a. Do not flood with water or any decontaminating agent.

b. Protect all the .surrounding area which might be spattered dur-
ing the decontamination treatment by spreading paper and/or
hanging troughs under overhead flanges.

c. Do not set down contaminated material such as tools, rags,
swabs or gloves on un-contaminated areas. Use paper bags or
other suitable containers.

2. The most effective decontaminating solutions which have been used
are listed below.

a Chromic acid cleaning solution - This solution is very cor-
rosive to stainless steel and is used only as a last resort.

b Strong nitric acid (60%) - Do not use on paint or concrete sur-
faces. Strong acid leaves concrete very porous and susceptible
to additional contamination.

C Citric acid solution (20%) - This is the safest and easiest to
use although it is not always the most effective.

d. Various organic solvents - Effective on painted surfaces where
the contamination can be removed along with the surface of the
paint film. Care must be exercised to avoid merely softening
the paint and allowing the contamination to soak into the paint
so that it is not readily observed.

e. Spindle oil (Pyrorex C) - Recommended from tests at the pilot-,
plant for cleaning hood surfaces. It has not been used here
since it is felt that the chief effect of such atreatment is
the masking of the contamination with an oil film which prevents
detection of contamination by existing instrumnts.

f. Bon Ami or similar abrasive agents - Extensive hand scrubbing
with abrasive paste has been successful in the plant, but
extremely time consuming.

g._ Permanganate-bisulfite - Scrubbing with saturated Klou solu-
K tion, removal by wiping, followed by scrubbing with 10 NaBSO,
,,solution, and water rinse is comparable to citric .acid treat-

Ment.

None of these cleaning agents are perfect decontaminating agents and it
is to be emphasized that careful application and scrubbing is an important
factor.

,The following procedure which was effective in reducing by 95% the con-
tamination resulting from a small flange leak is given as an example:

1306



-..- -- HW-10475-SEC. C

DECLSSIFIED
COPY NO. 6 SERIES C

PRODUCT IECORTAMINATION

1. The surrounding area which might be spattered during the treatmentii protected by spreading heavy brown paper.

. Wring out an asbestos 'swab in the cleaning solution and rub thecbtaminated area. Place swab in paper bag.

I. Dry with a clean swab. 'Place swab in a paper bag.

4. E nat 2 and -d several times depending on the degree and extent oftbe- contaminati on._

Wring out a rag in soap and water and rinse cleaned area. Placerag in paper bag.

6. Dry with a clean rag. Place rag in paper bag.

7. Repeat 5 and 6 at least three times.
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COFROSION aTES 0F WASH SOLUTIONS
(baximum reported rates on heat-treated

Temperature Corrosion Rate

60% nitrie acid

60% nitric aoid/l% hydrofluoric acid

10% nitric acid/% hydrofluoric acid
10% nitric hydrofluoric acid

10% nitric acid/1% hydrofluoric acid

14% fluosilicio acid

14% fluosilicic acid/a% nitric acid

14% fluosilicic acid

29% ammonium bifluoride

* also pits welds in 24

7500

Boom

Room

Boom

7500

7500

4000

Room

0.00002 inches/mo.

*0. 004

0.0009

0.0001

0.027

0. oo6

0.0002

0.0004

of if

it I

It I

t "f

"g "

hours

EQUIPMENT CLAMIUP DATA, 221-T, JANUARY, 1945
(Micromax-Beckman values after each wash, in units of 10-14 ampere)

Tank Start

8-i 76oo

8-2 1700

8-7 720

Wash No 1 Wash No.2 Wash No.3

2800 820

Intensity at Vessl, =r/br

50-100

430*

110
9

8-4 10000

13--1 5o6o

13-2 3 0

13-3 35O0

1-4 13000

* Reduced to

260

1000

450

100

1600

1

48

100

000

40-80

100-150

120 after washing with sprays and hose

Wash No 1: 3000 lb. of 60% nitric acid

Wash No 2 and 3: Each, 5000 lb. of 25% nitric acid/5% ammonium
dilicofluoride

- 1309 - ,
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EQUIPlENT CLEANUP DATA, 221-T HEAD END, JANUARY, 1945

Tank Stait Wash No

XQOd 7 170

T3-2 1000

TS-3 - 1000

1000

12000

630

74o

-10o

5p - 280

2 0

.1 Wash No.2 Wash No. 3

Tid - 6

5 00' 6

6

-2 t

Intensity

T

at Vessel,

15

23-4o

7-12

2- 8.

5o

aOO - -- 120

12-18 -

I. 12-90

Wash No 1 60% nitric acid, 1 hour at 5000
Wash No 2 two washes, 15% nitric apid/5% amuonium silicofluoride,

hone our at 500C -

'Wash No 7 60% nitric acid/1% hydrogen peroxide, 1 hour at 6500

rQUIPMENT OLEANtJP DATA, 221-T- HAD END, MARCH 1945

Tank Strt

T3-1

T3-2'

T1-7 1 600

T3 -4 920

TL -1 (o

T4-2 - 9o

17o

50

Wash No 1:
Wash N,2:
Wash No 3:
Wash No 4:

Nash No 1 Wash N

20 .12

~10, - 7

40 16

26 26

15 5

o 2 Wash No 3

-20

all-r

Wash No 4

1

mr/hr

X> I

- -.

- .

83

4

2

8 4

40% nitric acid, 1 hour at 5.000 1 - -
14% ammonium silicofluoride, 1 hour at 500C
15% nitric acid/5% ammonium silicofluoride, 1 hour at 500C
Water, 1 hour at room temperature

S

T7-1

T3-4

T4-1

T4-2

T4-3

T4-4

T4-3

T4 -4 4o 16



EQUIPMENT CLEANUP DATA, 224-T, AUGUiT, 1945

>Remaling Contamination Removed

Reagent Treatment'

A. Stainless Steel Surfaces

60% BNO, -Scrubbing with asbestos wicking
followed by damp rag wipe-up

Sat. Kbh04 -. Scrubbing with fMnO4 for5 min.;
10%> NaHSO wiping up; scrubbing with NaHSO,

for 5 min.; wiping up rinsing
with water

Bon Ami Scrubbing (bard) with paste and

Paste wiping up with damp rag

3. Painted Concrete Surfaces

Sat. KnOif-- Same as for atainless steel
10% NaHSO2

20% citric '7 Scrubbing with conc. citric acid

Acid solution and then rinsing and
wiping with damp rags

Treat. #I

f I.

- 1511 -
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Treat. #2

90

75-

6Q,

7
Th

90

75

6o

50

10

90

75

25;

20

U-

DECLSSIFIED

Treat. #,

60

If - [--
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Active solutions, 1105
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Analytical instruments, 1017
Apertures, 142
Area layout, 203
Atomic number, 103
Atomic structure, 103
Audible aids 1009
Batch size, 403
Bayonet sampler, 526
Beckman amplifier, 1003
Beckman mater, 1207
Beta bountef, 118
Beta particle, 108, 132
Buckets, 236 307
Building list, A218
Buried sumps, 912
Canyon Building, 152, 203, 236

cleanups, 1304
design features, 287
instruents, 1003
metal handling, 312
fhielding, 1105
waste handling, 903

Cake solution, 523
Cake washing, 711, 715
Casks, 236, 307, 1103
Catch tank, 519, 729, 825, 910
Cells, 254, 720

bhambers, 103
drainage, 91.7, 924
micropEone, 1003
shielding, 3.105

Centrifuges 515, 729 1009 -
Centrifuging, 522, 624, 711
Chain reaction, 3.16
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Chemical
handliig, 827
headers, 414
preparation, 273

Clothing monitoring, 1211
Coating remoial, 203, 403

wastes, 903
Coformed precipitate, 710
Comunications system, 268
Concentration, 155, 814
Concentration Building, 155, 222, 273

cleanups, 1305
instruments, 1003
-hielding, 1107
wastes, 903

Condensate, 733, 825
Connectors, 240
Control laboratory, 222, 273
Cooling time, 305
Cooling water, 307 827, 904, 1007
Coprecipitation, 149
Crane, 240, 1106
Cross-over, 733
Crystalline LaF3 '
Cyclotron, 105
Damaged slugs, 307, 1104
Decay chain, 114
Decay period; 305
Decontamination, 155

agents, 1303 -
effect of shielding, 1103
effect of storage, 303
equipment, 612
factor, 152
operation, 601

Delayed neutrons, 115
Depos tions -in body, 1203
Deuterons, 105
Diffusion in crystals, 610
Dilution strike, 604
Digestion, 503
Dispatcher, E68-
Dissolving

metal, 203, 405
cakes, 813

Dosage limits, 132
Dosage measurement, 1006
Dry well, 912
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a DECLASS IFIED
Effectiveness of treatments, 1309
Electrical

serfices, A222
gall-ery, 261

Electron, 103
Energy-mass relations, 108
Equipment monitoring, 1207
Equipment names 283
Evaporation, 84
Extraction, 152, 203, 501 -
Extraction wastes, 903, 908

-Factors fh decontamination, 610
Fan Hone, 222, 285, 1108
Film badge, 1212
Filter, 821, 823
Filter paper, 1206
Final evaporation, 81h.
Fines carryover, 714
First cycle, 809
First decontamination cycle, 623
First filtration, 809
First precipitation, 813
Fission, 111

activity, 903
elements, 305
proauct dosage, 1203
products, 116
yield, 16

Floor monitoring, 1210
Flow meters, 1Q15
Functions of buildings, 203
Functions of celas, 260
Galleries, 1106
.Gallery equipment, 520
Gallery tanks, 414
Gamma rays, 105, 132
Gamma counters 1018
Gang flaxes, 245
Gas evolution, 403
Gas sampling, 1204
Gases, 303
Gaskets, 245
Gauge board, 414, 520
Geiger-Mueller tube, 1207,
G.E. chambers, 1003
Geology, 904
Geometry of sources, 137
Half-life, 11
Handee, 1212
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Hand monitoring, 1211
Head end, 1106
Health monitoring instrument, 1005
H.M. chambers, 1005
Heat evolution, 305, 306, 319
Heat of reaction, 405
Heating effects, 120
Holdback carriers, 151
Hoods, 817
Humidity measurement, A216
BF concentration, 710, 712
Impact, 105
Impact wrench, 236, 240, 244
Industrial instruments, 1012
Integrons 1006, 1208
Iodine, 4o,5
Iodine dosage, 1203
Ion chambers, 1003
Ionic interference, 714
Ionization chambers, 1107
Isolation, 155, 222, 295
Isolation-Building, 155, 1001, 1108
Isolation Building cleanups, 1305
Isolation-wastes, 904, 929
Isomorphous crystals, 149
I-otopes,~103
Jets, 245
Laboratory, 222, 273
Laboratory wastes, 904
Labyrinths, 1106
Lanthanum concentration, 710, 712
Lanthanum fluoride, 706
Laundry ditch, 1208
Lauritsen electroscope, 1208
Layout of plant, 203
Liquid level measurement, 1014
Long Tom, 1206
Low geometry vacuum sets, 1018
Manometers, 826, 1015
Mass-energy relation, 108
Mass number, 103
Metal

dissolving, 203
handling, 307
solution, 152
storage, 203, 236
wastes, 908, 918, 924

Metatheis, 156, 708, 715
Metathesis of BiPO4, 6io
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ke atbesia r efu, 729
Meteorologi6al Building, A214
Micromax, 826
Microphones, 1011
Neptunium, 116
Neutralization, 925, 927
Neutrons, 103
Nitric acid effect, 505
Nitric conc&ntratiou, 713
Nitrogen oxdes, 407
Normal operition, 521
Nuclear reactions, 105
Nutsche, 82t 823
Operating gallery, 261
,Operating numbers, 283
Qrall decontamination, 703, 709

,Oxidation, 705, 603, 623 -
Oxidation of product, 503
Oxidation states, 147
Packing for valves 827
Pair production, 140
?enetration 131

eriscoppes, 1012
pH, 1012 -
Photoelectric absorption, 140
Photon, 105, 132, 140
Phsiological effects, 133
Pile, 116, 203
Pipe gallery, 261
Pipe trench, 261
Plugging control, 1011
Plutonium, 115

nitrate, 807
peroxide, 803
properties, 147
solutions, 148

Pocket meter, 1212
Positron, 140
Precipitation, 503, 705
Precipitation tanks, 822
Precipitrons, 1206, 1210
Precipitators, 729
Pre-extraction treatment, 503
Preformed precipitation, 710, 713
Prereduction, 809
Probe, 1210
Processed metal, 135
Process stack, 222, 285

SSFlED
Prodct, cO3 303

distribution, 406
oxidation, 503
removal, 1305
states, 405
storage, 222

Product precipitation,
equipment, 615
functions, 609
process, 625

Protons, 103
Proportional alpha counter, 1018
Purity of product, 803, 817
Radiation

from metal, 135
hazards, 1005
intensity, 1005
limits, 132
measurement, 1003
tolerance, 1105

Radioactivity, 110
Receivers, 821, 823, 824, 825
Recovery of wastes, 611
Recycle, 814
Recycle can,-818
Reduction, 608, 708
References, A223
Remote control, 240
Resonance neutrons, 115
Retention

basin, 910
pond, 293

Reverse flow well, 295
Rework of wastes, 507
Roentgen, 132
Ruptured slugs, 1104
Samplers, 733, 826
Sample can, 814, 824
Sampling, 526, 1107
Sandy, 1208
Sanitary waites, 904
Scale tanks, 520, 731
Scalers, 1018
Scattering, 141
Second cycle, 813
Second decontamination cycle, 627
Second filtration, 813
Second precipitation, 814
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DECL&SS
Sections, 250
Section functions, 615
Self pbsorption, 149
Self-purifiiation, 610
Separation unit, 203
Service Building, 222, 268, 290
Sersoe facilities, A217, A219
Settling tank, 295, 912
severs, 914, 927
Shi dng, 131, 2-75
shillding principles, 134
Simpson counter, 1018
81ow- neutrons, 115

-Soil 904, 933
Soli diffusion, 610
Soln ilities, 707
solulility -:f Pu compounds, 148
Soluilizaion agents, 151
Solu ion of cake, 625, 626

olu ion storage, 408, 415, 418
Soiu ion tanks, 519, 729
Solu ions of uranium, 144
Source geomvtry, 137
Sourc'o strength, 134
Spargera, 245, 515
lSpecikio gravity, 1014
spider, 823
Spiay distributor, 515
spray pump-, 733
Stack drainage, 904
etaci gas, 403, 1006
Stack gas monitoring, 1204
Staok rrnitor, 222, A217
Standard alpha set, 1017
StandarC chamber, 1206
Storage basins, 203, 236, 1103
Storage- tika, 907

li, 823
Strike temperature, 711
Sunpa, 295, 912, 913
Tachometers, 1017
Tank cars, 307
Tank Farm, 222, 273, 293, 1208
Television, 1011

af
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Temperature measurement, 1014
Thermometers, 826
Tile field, 930
Tolerances, 133

dosage, 1105
lImits, 1203

Toxicity of product, 903
Transfer jets, 245
Transfer of metal, 236
Transfer pits, 1104
Transmtation, 105
Trolley, 236
Trombone, 526
Tunnel hatches, 1107
Types of waste, 903
UNE concentration, 504
Uranium properties, 144
Vacuum receivers, 821, 823, 824
Valence states, 147, 503, 603
Valve packing, 827
entilation monitoring, 1206

Victoreen integrons, 1006
Viotoreen meter, 1207
Visual aide, 1009
Volatile materiale, 406
Volume, 803
Washing, 503, 522

of cake, 711, 715, 716
Waste disposal, 222, 293, A208, 817
Waste disposal equipment, 1108
Waste recovery, 717
Waste rework, 61
Waste tank solide level, 1009
Water for cooling, 307
Water -supply, 827
Weather effect 403
Weigh tank, 8A
Weight of alug parts, 404
Wind measurements, A216
Windows, 1003
Wobble meters, 1009
Xenon, 405
Xenon dosage, 1203
Yoke, 236
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